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SOLUBILIZED TOPOISOMERASE POISONS

RELATED APPLICATIONS

This application 1s a continuation under 35 U.S.C. 111(a)

of PCT/US02/36901, filed Nov. 14, 2002 and published 1n
English on May 22, 2003 as WO 03/041660 A2, which
claimed priority under 35 U.S.C. 119(e) of U.S. Provisional

Application No.: 60/332,734, filed Nov. 14, 2001, which
applications and publications are incorporated herein by
reference.

BACKGROUND OF THE INVENTION

DNA-topoisomerases are enzymes which are present in
the nucle1 of cells where they catalyze the breaking and
rejomning of DNA strands, which control the topological
state of DNA. Recent studies also suggest that topoi-
somerases are also mvolved in regulating template super-
colling during RNA ftranscription. There are two major
classes of mammalian topoisomerases. DNA-
topoisomerase-1 catalyzes changes 1n the topological state of
duplex DNA by performing transient single-strand
breakage-union cycles. In contrast, mammalian topoi-
somerase Il alters the topology of DNA by causing a
transient enzyme bridged double-strand break, followed by
strand passing and resealing. Mammalian topoisomerase 11
has been further classified as Type II . and Type 11 5. The
antitumor activity associated with agents which are topoi-
somerase poisons 1s associated with their ability to stabilize
the enzyme-DNA cleavable complex. This drug-induced
stabilization of the enzyme-DNA cleavable complex eflec-
tively converts the enzyme 1nto a cellular poison.

Several antitumor agents in clinical use have potent
activity as mammalian topoisomerase II poisons. These
include adriamycin, actinomycin D, daunomycin, VP-16,
and VM-26 (teniposide or epipodophyllotoxin). In contrast
to the number of clinical and experimental drugs which act
as topoisomerase II poisons, there are currently only a
limited number of agents which have been identified as
topoisomerase I poisons. Camptothecin and its structurally-
related analogs are among the most extensively studied
topoisomerase 1 poisons. Recently, bi1- and terbenzimida-
zoles (Chen et al., Cancer Res. 1993, 53, 1332—-1335; Sun et
al., J. Med. Chem. 1993, 38, 3638-3644; Kim et al., J. Med.
Chem. 1996, 39, 992-998), certain benzo] ¢ [phenanthridine
and protoberberine alkaloids and their synthetic analogs
(Makhey et al., Med. Chem. Res. 1995, 5, 1-12; Jamn et al.,
J. Med. Chem. 1975, 18, 708-713; Makhey et al., Bioorg. &
Med. Chem. 1996, 4, 781-791), as well as the fungal
metabolites, bulgarein (Fujii et al., J. Biol. Chem. 1993, 268,
13160-13163) and saintopin ( Yamashita et al., Biochemistry
1991, 30, 5838-5845) and indolocarbazoles (Yamashita et
al., Biochemistry 1992, 31, 12069—-12075) have been 1den-
tified as topoisomerase I poisons. Other topoisomerase poi-
sons have been identified including certain benzo[i]

phenanthridine and cinnoline compounds (see LaVoie et al.,
U.S. Pat. No. 6,140,328 (735.037WO0O1), and WO 01/32631
(735.044W0O1)). While these compounds are useful they are

somewhat limited due to low solubility.

SUMMARY OF THE INVENTION

Applicant has discovered compounds with improved
solubility properties which also have inhibitory activity
against topoisomerase I and/or topoisomerase II.
Accordingly, the mvention provides a compound of the
invention which 1s a compound of formula I:
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wherein:

A and B are independently N or CH;

W 1s N or CH;

R; and R, are each independently H, (C,—Cy)alkyl, or
substituted (C,—Cy)alkyl, or R, and R, together are =0,
=S, =NH or =N—R,,;

Y and Z are independently hydroxy, (C,—C,)alkoxy, sub-
stituted (C,—Cy)alkoxy, (C,—Cy)alkanoyloxy, substituted
(C,—C,) alkanoyloxy, —O—P(=0)(OH),, or —O—C
(=O)NR_R ; or Y and Z together with the ring carbon atoms
to which they are attached form an alkylenedioxy ring with
from 5 to 7 ring atoms;

R, 1s a -(C,—Cy)alkyl substituted with one or more
solubilizing groups R_;

R, 1s (C,—Cy)alkyl or substituted (C,—C,)alkyl; and

R_. and R, are each independently (C,—C,) alkyl or
substituted (C,—C,) alkyl; or R_ and R, together with the
nitrogen to which they are attached form a N'-{(C,-C)
alkyl } piperazino, pyrrolidino, or piperidino ring, which ring
can optionally be substituted with one or more aryl,
heteroaryl, or heterocycle;

or a pharmaceutically acceptable salt thereof.

The 1nvention also provides a pharmaceutical composi-
tion comprising a eflective amount of a compound of the
invention i combination with a pharmaceutically accept-
able diluent or carrier.

The mvention also provides a method for modulating
topoisomerase activity i a mammal 1 need of such treat-
ment comprising administering to the mammal, an amount
of a compound of the invention eflective to provide a
topoisomerase modulating effect.

The 1invention also provides a method of inhibiting cancer
cell growth, comprising administering to a mammal afilicted
with cancer, an amount of a compound of the invention,
ellective to mhibit the growth of said cancer cells.

The mvention also provides a method comprising inhib-
iting cancer cell growth by contacting said cancer cell 1n
vitro or 1 vivo with an amount of a compound of the
invention, effective to inhibit the growth of said cancer cell.

The invention also provides a compound of the invention
for use 1n medical therapy, preferably for use 1n treating
cancer, for example, solid tumors, as well as the use of a
compound of the imnvention for the manufacture of a medi-
cament useful for the treatment of cancer, for example, solid
tumors.

The mnvention also provides processes and novel interme-
diates disclosed herein which are usetul for preparing com-
pounds of the invention. Some of the compounds of formula
I are useful to prepare other compounds of formula I.

DETAILED DESCRIPTION

The following defimtions are used, unless otherwise

described.

“(C,—Cy)alkyl” denotes both straight and branched car-

bon chains with one or more, for example, 1, 2, 3, 4, 5, or
6, carbon atoms, but reference to an individual radical such
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s “propyl” embraces only the straight chain radical, a
branched chain 1somer such as “isopropyl” being specifi-
cally reterred to.

“Substituted (C,—Cy)alkyl” 1s an alkyl group of the for-
mula (C,—Cy)alkyl as defined above wherein one or more
(c.g. 1 or 2) carbon atoms in the alkyl chain have been

replaced with a heteroatom independently selected from
O S— and NR— (where R 1s hydrogen or

C —Cﬁalkyl) and/or wherein the alkyl group 1s substituted
with from 1 to 5 substituents independently selected from
cycloalkyl, substituted cycloalkyl, (C,—C,)alkoxycarbonyl
(e.g. —CO,Me), cyano, halo, hydroxy, oxo (=0), carboxy
(COOH), aryloxy, heteroaryloxy, heterocyclooxy, nitro, and
— NR“R”?, wherein R? and R” may be the same or different
and are chosen from hydrogen, alkyl, arylalkyl,
heteroarylalkyl, heterocycloalkyl, cycloalkyl, substituted
cycloalkyl, aryl, heteroaryl and heterocyclic. Substituted
(C,—Cylalkyl groups are exemplified by, for example,
groups such as hydroxymethyl, hydroxyethy 1,
hydroxypropyl, 2-aminoethyl, 3-aminopropyl,
2-methylaminoethyl, 3-dimethylaminopropyl,
2-carboxyethyl, hydroxylated alkyl amines, such as
2-hydroxyaminoethyl, and like groups. Preferred substituted

(C,—Cyalkyl groups are (C,—Cy)alkyl groups substituted
with one or more substituents of the formula-NR_R, where
R_and R, together with the nitrogen to which they are
attached form of nitrogen containing heterocyclic ring. Spe-
cific examples of such heterocyclic rings include piperazino,
pyrrolidino, piperidino, morpholino, or thiomorpholino.
Other preferred substituted (C,—C)alkyl groups are (C,—C,)
alkyl groups substituted with one or more carbon-linked
oxygen containing heterocyclic rings. Specific examples of
such oxygenated heterocyclic rings are, for example,
tetrahydrofuranyl, tetrahydropyranyl, 1,4-dioxanyl, and like
groups.

“(C,—Cyalkoxy” refers to groups of the formula (C,—C;)
: ,—Cglalkyl 1s as defined herein. Pre-
terred alkoxy groups include, by way of example, methoxy,
cthoxy, propoxy, 1so-propoxy, n-butoxy, tert-butoxy, sec-
butoxy, n-pentoxy, n-hexoxy, 1,2-dimethylbutoxy, and like
groups.

“Substituted (C,—Cj)alkoxy” refers to a substituted
(C,—C group wherein substituted (C,—Cy)alkyl
1s as defined above. Substituted (C,—C,)alkoxy 1s exempli-
fied by groups such as O—CH,CH,—NR _R,,
O—CH,CH,—CHR R,, or O—CH,—CHOH—CH,—
OH, and like groups. Pretferred substituted (C,—Cj)alkoxy
groups are (C,—C,)alkyl substituted with one or more sub-
stituents of the formula-NR_R, where R and R, together
with the nitrogen to which they are attached form of a
heterocyclic ring. Specific examples of such heterocyclic
rings 1include piperazino, pyrrolidino, piperidino,
morpholino, or thiomorpholino. Other preferred substituted
(C,—Cy)alkoxy groups are (C,—C;)alkoxy groups substituted
with one or more carbon-linked oxygen containing hetero-
cyclic rnings. Specific examples ol preferred oxygenated
heterocyclic ring substituents are, for example,
tetrahydrofuranyl, tetrahydropyranyl, 1,4-dioxanyl, and like
groups. Specific examples of such oxygenated heterocyclic
rings are, for example, tetrahydrofuranyl, tetrahydropyranyl,
1,4-dioxanyl, and like groups.

“(C,—Cyalkanoyloxy” includes, by way of example,
formyloxy, acetoxy, propanoyloxy, 1so-propanoyloxy,
n-butanoyloxy, tert-butanoyloxy, sec-butanoyloxy,
n-pentanoyloxy, n-hexanoyloxy, 1,2-dimethylbutanoyloxy,
and like groups.

“Substituted (C,—Cy)alkanoyloxy” refers to a (C,—Cy)
alkanoyloxy group wherein one or more (e.g. 1 or 2) carbon

10

15

20

25

30

35

40

45

50

55

60

65

4

atoms 1n the alkyl chain have been replaced with a heteroa-
tom 111dependently selected from —O S— and NR—
(where R 1s hydrogen or C,—C.alkyl) and/or wherein the
alkyl group 1s substituted w1th from 1 to 5 substituents

independently selected from cycloalkyl, substituted
cycloalkyl, (C,—C,)alkoxycarbonyl (e.g. —CO,Me), cyano,
halo, hydroxy, oxo (=0), carboxy (COOH), aryloxy,
heteroaryloxy, heterocyclooxy, nitro, and —NR“R”, wherein
R? and R” may be the same or different and are chosen from
hydrogen, alkyl, arylalkyl, heteroarylalkyl,
heterocycloalkyl, cycloalkyl, substituted cycloalkyl, aryl,
heteroaryl and heterocyclic. Substituted (C,—-C,)
alkanoyloxy 1s exemplified by groups such as —O—C(=0)
CH,—NR R,, and O—C(=0)—CHOH—CH,—OH. Pre-
ferred substituted (C,—Cj)alkanoyloxy groups are groups
wherein the alkyl group 1s substituted with one or more
nitrogen and oxygen contaiming heterocyclic rings such as
piperazino, pyrrolidino, piperidino, morpholino,
thiomorpholino, tetrahydrofuranyl, tetrahydropyranyl, 1,4-
dioxanyl, and like groups.

Aryl denotes a phenyl radical or an ortho-fused bicyclic
carbocyclic radical having about nine to ten ring atoms 1n
which at least one ring 1s aromatic. Examples of aryl include
phenyl, indenyl, and naphthyl.

Heteroaryl encompasses a radical attached via a ring
carbon ol a monocyclic aromatic ring containing five or six
ring atoms consisting of carbon and one to four heteroatoms
cach selected from the group consisting of non-peroxide
oxygen, sulfur, and N(X) wherein X 1s absent or 1s H, O,
(C,—Calkyl, phenyl or benzyl, as well as a radical of an
ortho-fused bicyclic heterocycle of about eight to ten ring
atoms derived therefrom, particularly a benz-derivative or
one derived by fusing a propylene, trimethylene, or tetram-
cthylene diradical thereto. Examples of heteroaryl include
turyl, imidazolyl, triazolyl, triazinyl, oxazoyl, 1soxazovl,
thiazolyl, 1sothiazoyl, pyrazolyl, pyrrolyl, pyrazinyl,
tetrazolyl, pyridyl, (or 1ts N-oxide), thienyl, pyrimidinyl (or
its N-oxide), indolyl, 1soquinolyl (or 1ts N-oxide) and
quinolyl (or 1ts N-oxide).

The term “heterocycle” refers to a monovalent saturated
or partially unsaturated cyclic non-aromatic group which
contains at least one heteroatom, preferably 1 to 4
heteroatoms, selected from nitrogen (NR,_, wherein R 1s
hydrogen, alkyl, or a direct bond at the point of attachment
of the heterocycle group), sulfur, phosphorus, and oxygen
within at least one cyclic ring and which may be monocyclic
or multi-cyclic. Such heterocycle groups preferably contain
from 3 to 10 atoms. The point of attachment of the hetero-
cycle group may be a carbon or nitrogen atom. This term
also includes heterocycle groups fused to an aryl or het-
eroaryl group, provided the point of attachment 1s on a
non-aromatic heteroatom-containing ring. Representative
heterocycle groups 1include, by way ol example,
pyrrolidinyl, piperidinyl, piperazinyl, imidazolidinyl,
morpholinyl, indolin-3-yl, 2-imidazolinyl, 1,2,3.4-
tetrahydroisoquinolin-2-yl, quinuclidinyl and the like.

“Aryloxy” refers :
where aryl 1s as defined herein. Examples of aryloxy groups
include, phenoxy and 1-naphthyloxy.

“Heteroaryloxy” refers to a group of the formula
, where heteroaryl 1s as defined herein.
Examples of heteroaryloxy groups include, 3-piperidyloxy,
3-furyloxy, and 4-imidazoyloxy.

“Heterocyclooxy” refers to a group of the formula
,, as defined herein.
Examples of heterocyclooxy groups i1nclude,
4-morpholinooxy and 3-tetrahydrofuranyloxy.
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“Arylalkyl” refers to a group of the formula aryl-(C,—C)
alkyl-, where aryl and (C,—Cj)alkyl are as defined herein.

“Heteroarylalkyl” refers to a group of the formula
heteroaryl-(C,—C,)alkyl-, where heteroaryl and (C,—Cy)
alkyl are as defined herein.

“Heterocycloalkyl” refers to a group of the formula
heterocycle-(C,—Cj)alkyl-, where heterocycle and (C,—C,)
alkyl are as defined herein.

“Solubilizing group(s) R 1s a substituent that increases
the water solubility of the compound of formula I compared
to the corresponding compound lacking the R substituent.
Examples of solubilizing groups include substituents 1nde-
pendently selected from substituted (C,—Cy)alkyl, (C,—C;)
alkoxycarbonyl (e.g. —CO,Me), cyano, halo, hydroxy, oxo
(=0), carboxy (COOH), aryloxy, heteroaryloxy,
heterocyclooxy, nitro, and —NR _R,, wherein R, and R,
may be the same or different and are chosen from hydrogen,
alkyl, arylalkyl, heteroarylalkyl, heterocycloalkyl,
cycloalkyl, substituted cycloalkyl, aryl, heteroaryl and het-
erocyclic.

Preferred R, groups are exemplified by, for example,
groups such as hydroxymethyl, hydroxyethyl,
hydroxypropyl, 2-aminoethyl, 3-aminopropyl,
2-methylaminoethyl, 3-dimethylaminopropyl,
2-carboxyethyl, hydroxylated alkyl amines, such as
2-hydroxyaminoethyl, and like groups. Other preferred R,
groups are (C,—Cy)alkyl groups substituted with one or more
substituents of the formula —NR R, where R_and R,
together with the nitrogen to which they are attached form
a nitrogen containing heterocyclic ring, or (C,—C;)alkyl
groups substituted with one or more oxygen containing
heterocyclic rings. Specific examples of such heterocyclic
rings 1nclude piperazino, pyrrolidino, piperidino,
morpholino, or thiomorpholino. Still other preferred R,
groups are (C,—Cy)alkyl groups substituted with one or more
carbon-linked oxygen containing heterocyclic rings. Spe-
cific examples of such oxygenated heterocyclic rings are, for
example, tetrahydrofuranyl, tetrahydropyranyl, 1,4-

dioxanyl, and like groups.

Specific and preferred values listed below for radicals,
substituents, and ranges, are for 1llustration only; they do not
exclude other defined values or other values within defined
ranges for the radicals and substituents.

Specifically, (C,—Cy)alkyl can be methyl, ethyl, propyl,
1sopropyl, butyl, 1so-butyl, sec-butyl, pentyl, 3-pentyl, or
hexyl.

Specifically, (C,—Cj)alkoxy can be methoxy, ethoxy,
Propoxy, 1sopropoxy, butoxy, i1so-butoxy, sec-butoxy,
pentoxy, 3-pentoxy, or hexoxy.

A specific value for A 1s CH.

Another specific value for A 1s N.

A specific value for B 1s N.

Another specific value for B 1s CH.

A specific value for W 1s N.

Another specific value for W 1s CH.

A specific value for Y 1s OH.

Another specific value for Y 1s (C,—C,)alkoxy.
Another specific value for Y 1s —OCH.,.

Another specific value for Y 1s substituted (C,—Cy)alkoxy.
Another specific value for Y 1s —OCH,CH,OH.
Another specific value for Y 1s —OCH,CH,OCH,CH,.

Another specific value for Y 1s —O—CH,—CHOH—
CH,—OH.

Another specific value for ¥ 1s —O—CH,CH,—NR R,
wherein R, and R, are hydrogen or (C,—Cj)alkyl.

Another specific value for Y 1s —O—CH,CH,—NR R,
wherein R, and R, together with the mitrogen to which they
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are attached form a piperazino, pyrrolidino, piperidino,
morpholino, or thiomorpholino ring.

Another specific value for Y 15 —O—C(=0)CH,—
NR R,.

Another specific value for Y 1s —O—C(=0)—CHOH—
CH,—OH.

Another specific value for Y 1s (C,—Cy)alkyl substituted
with one or more tetrahydrofuranyl, tetrahydropyranyl, or
1,4-dioxanyl rings.

Another specific value for Y 1s —OC(=0)CH,—NR _R,.

A specific value for Z 1s OH.

Another specific value for Z 1s (C,—Cj)alkoxy.

Another specific value for Z 1s OCH,.

Another specific value for Z 1s substituted (C,—C)alkoxy.
Another specific value for Z 1s —OCH,CH,OH.
Another specific value for Z 1s —OCH,CH,OCH,CHs,.
O—CH,—CHOH—

Another specific value for Z 1s
CH,—OH.

Another specific value for 7Z 1s —O—CH,CH,—NR R,
wherein R and R, are hydrogen or (C,—Cy)alkyl.

Another specific value for Z 1s —O—CH,CH,—NR _R,
wherein R and R, together with the nitrogen to which they
are attached form a piperazino, pyrrolidino, piperidino,
morpholino, or thiomorpholino ring.

O C(=0)CHOH —

Another specific value for Z 1s
CH,—OH.

Another specific value for 7Z 1s (C,—C,)alkyl substituted
with one or more tetrahydrofuranyl, tetrahydropyranyl, or
1,4-dioxanyl rings.

Another specific value for Z 1s
NR_R,.

A specific value for R; and R, 1s H.

Another specific value for R, and R, together 1s =0O.

O—C(=0)CH,—

Another specific value for R, and R, together 1s =S.

Another specific value for R, and R, together 1s =NH.

Another specific value for R, and R, together 1s =N—R,.

Another specific value for R, and R, together 1s =N—R,
where R, 15 (C,—Cj)alkyl.

Another specific value for R, and R, together 1s =N—R,
where R, 1s substituted (C,—C;)alkyl.

Another specific value for R; 1s Hand R, 15 (C,—C)alkyl.

Another specific value for R; 1s H and R, 1s substituted
(C,—Cyalkyl.

Another specific value for R, 1s (C,—Cj)alkyl and R, 1s
substituted (C,—C)alkyl.

Another specific value for R, and R, 1s substituted

(C,—Cyalkyl.
A specific value for R, 1s 2-hydroxyethyl.
Another specific value for R, 1s 2-aminoethyl.

Another specific value for R, 1s 2-(N,N'-dimethylamino)
cthyl.

Another specific value for R; 1s 2-(N,N'-diethylamino)
cthyl.

Another specific value for R, 1s 2-(N,N'-diethanolamino)
cethyl of the formula —CH,—CH,—N(—CH,—CH,
—OH),,.

Another specific value for R, or R, 1s a (C,—C,)alkyl
substituted with one or more hydroxy, mercapto, carboxy,
amino, piperazinyl, pyrrolidinyl, piperidinyl, morpholinyl,
thiomorpholinyl, tetrahydrofuranyl, tetrahydropyranyl, or
1,4-dioxanyl groups.

Another specific value for R, or R, 1s a (C,—C,)alkyl with
from 2 to 4 carbon atoms and substituted with one to two
groups selected from hydroxy, mercapto, carboxy, amino,
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piperazinyl, pyrrolidinyl, piperidinyl, morpholinyl, Another specific compound of formula I 1s a compound of
thiomorpholinyl, tetrahydrofuranyl, tetrahydropyranyl, or formula V:
1,4-dioxanyl. 12 | v
N 2
-~ O
5 llN‘/ \‘ N >
Another specific value for R, or R, 1s —CH,CH,— Yo o g z
NR _R, wherein R, and R, are hydrogen or (C,—Cj)alkyl. ‘ X " P
5
NG XN\/\N/
Another specific value for R, or R, is —CH,CH,— 19 7 ‘
NR _R, wherein R and R, together with the nitrogen to R R
W:'ﬂd.l ! hey are att&.whed fOI"IIl 4 PIPLLaZIlo, pyrrolidino. A specific compound of formula I 1s a compound of
piperidino, morpholino, or thiomorpholino ring. o rmula VI
. VI
A preferred compound of formula (I) 1s the compound
11,12-dihydro-2,3-dimethoxy-8,9-methylenedioxy-11-| 2-
(dimethylamino)ethyl]-5,6,11-triazachrysen-12-one, or a
pharmaceutically acceptable salt thereof. CH30
20
A specific compound of formula I 1s a compound of CH;O
formula II:
T 23
Another specific compound of formula I 1s a compound of
formula VII:
CH;0
VII
30
CH;0
CH30- o
35
Z
CH, O/ 3N

Another specific compound of formula I 1s a compound of

formula III:
40 Another specific compound of formula I is a compound of

1l formula VIII:
N 12 I
NP AN,
> VIII

11 ‘

10

RN W N Z~0 | 45 F \‘ Xy O>

10

‘ X
5
PN /WN\RJ CH3O\9/\/Y _
Rz Ry 5

CH;0 N ‘

>
N
“ CIL o/ 3\/76 R,

7

Another specific compound of formula 1 1s a compound of Another specific compound of formula I 1s a compound of
formula IV:
55 formula IX:
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Another specific compound of formula I 1s any of the
above compounds of formulas II-IX as their pharmaceut-
cally acceptable salts.

Certain compounds of formula (I) can function as pro-
drugs for other compounds of formula (I). For example, a
compound of formula (I) wherein Y and /or Z 1s —O—P
(=0)(OH),, or —O—C(=0)NR _R ,; can function as a
prodrug for a corresponding compound of formula (I)
wherein Y and or Z 1s hydroxy. Accordingly, a specific sub
set ol compounds of formula (I) are compounds wherein Y
and /or 7. 1s —O—P(=0)(OH),, or —O—C(=0O)NR R . A
particularly preferred compound i1s a compound of formula
(I) wherein Y and /or Z 1s —O—P(=0)(OH),. Another
preferred compound 1s a compound of formula (I) wherein
Y and /or Z 1s —O—C(=0O)NR_R , wherein R_ and/or R
1s (C,—Cglalkyl substituted with one or more —NR_R.
wherein R, and R, are each independently (C,—Cy)alkyl.
Another preferred compound 1s a compound of formula (I)
wherein Y and /or Z 1s —O—C(=0O)NR R , wherein R _and
R , together with the nitrogen to which they are attached
form a N'-{(C,—Cy)alkyl}piperazino, pyrrolidino, or piperi-
dino ring. A more preferred compound 1s a compound of
formula (I) wheremn Y and/or Z 1s —O—C(=0O)NR R ,,
wherein R . and R , together with the nitrogen to which they
are attached form a piperidino ring, which ring 1s optionally
substituted with an N-linked heterocycle (e.g. piperidino)
ring.

The present invention provides compounds and 1nterme-
diate compounds of formula I and a method of making
compounds of formula I and ntermediate compounds of

formula I wherein R, 1s —CH,—OH and like 1-hydroxy

substituted (C,—C;)alkyl groups, or the corresponding
alkanoyloxy ester, phosphoric acid ester, or phosphate ester
comprising reacting the compound of formula I where R, 1s
H with a suitable hydroxy producing compound, for
example a carbonyl compound, such as an aldehyde, to form
a compound where R, 1s —CH,—OH or like 1-hydroxy
substituted (C,—C)alkyl groups. The corresponding
alkanoyloxy ester, phosphoric acid ester or phosphate ester
compounds can be prepared by reacting the resulting com-
pound where R, 1s —CH,—OH or like 1-hydroxy substi-
tuted (C,—Cj)alkyl groups with a suitable ester forming
reagent, such as an acyl halide, phosphoric acid ester, or
phosphoryl halide compound. The above intermediate com-
pounds can also function as prodrugs for other compounds
of formula (I). It 1s understood by one skilled in the art that
the groups here R, 1s —CH,—OH or like 1-hydroxy sub-
stituted (C,—Cy)alkyl groups can be stabilized or preserved
with known protecting groups, such as carboxylate esters,
phosphates, and like groups. See for example, Krogsgaard-

Larsen P and Bundgaard A (eds), “4 Textbook Of Drug
Design and Development,” 2nd ed., Harwood, 1996.

A compound of formula I can be prepared by subjecting
a corresponding intermediate of formula A to suitable
cyclization conditions; for example, by treatment with pal-
ladium acetate and triphenyl phosphine, as illustrated 1n
Scheme 1 below. A compound of formula I can also be
prepared by subjecting a corresponding intermediate of
formula B to conditions suitable for the formation of the
tetracyclic ring system; for example by treatment with a
suitable tin reagent, as illustrated 1 Scheme 2 below.
Compounds of the present invention include intermediates

of formulas A and B.
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Z

Formula I

W#N\‘ X O>
YIA\/ Halo \ / g
‘ Br
7

Z

Formula I

Other conditions suitable for formation of the ring system
from intermediates of formula A and formula B are well

known to the art. For example, see Feiser and Feiser,
“Reagents for Organic Synthesis”, Vol. 1, 1967; March, J.
“Advanced Organic Chemistry”, John Wiley & Sons, 4th
ed., 1992; House, H. O., “Modern Synthetic Reactions”, 2d
ed., W. A. Benjamin, New York, 1972; and Larock, R. C.,

Comprehensive Organic Transformations, 2nd ed., 1999,
Wiley-VCH Publishers, New York.

An intermediate of formula A can be prepared from
readily available starting materials using procedures that are
known 1n the art, or can be prepared using procedures
illustrated below.
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Y. A Halo
‘ NN
= Halo
Z B
W#N O
> X
-
\ O
HN
"\RI
N 0O
Hal
alo / N\O

Y. A
I ) )
N
V4 B/ R,
X

Formula A

Chlorination of Compound 1 yields chloro-compound 2,
which can be converted to the corresponding amine by
formation of the corresponding phenoxy intermediate and
subsequent reaction with an appropriate amine. The result-
ing amine can be acylated with the appropriately substituted
acylchloride to provide the intermediate of formula A.

Similarly, an intermediate of formula B can be prepared
from readily available starting materials using procedures

that are known 1n the art, or can be prepared using proce-
dures 1illustrated below.

N
Z O
W= > Br»/NaOI
-
\ O
OH
1

W#N\ \ O>
Br N = O
OH
3
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-continued

R]_NH2

.
Wa""

Halo
e

]

Y\ A

/

N
Br \
N

X

\
/7 \
\

Formula B

Bromination of compound 1 provides compound 3, which
can be converted to halo-compound 4 using procedures
known 1n the art. Reaction with a suitable amine or ammo-
nium salt provides amino compound 5, which can be con-
verted to an itermediate of formula B by treatment with a
suitable acid chloride 6.

An alternative route to the formation of 5,6-dihydro
derivatives of formula I ivolves either reduction of the
lactam or desulturization of the thioamide as illustrated by
the following. Additionally, one can modify compounds of
formula I to provide other related compounds of formula I

as 1llustrated below.

Where X =0 or S

/

A\
¢
W/
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-continued

Where X =0 or S

Where X =5, NR»

The starting materials employed 1n the synthetic methods
described herein are commercially available, have been
reported 1n the scientific literature, or can be prepared from
readily available starting materials using procedures known
in the field. It may be desirable to optionally use a protecting
group during all or portions of the above described synthetic
procedures. Such protecting groups and methods for their

introduction and removal are well known in the art. See
Greene, T. W.; Wutz, P. G. M. “Protecting Groups In Organic

Synthesis” second edition, 1991, New York, John Wiley &
Sons, Inc.

It will be appreciated by those skilled 1n the art that
compounds of the invention having a chiral center may exist
in and be 1solated 1n optically active and racemic forms.
Some compounds may exhibit polymorphism. It 1s to be
understood that the present invention encompasses any
racemic, optically-active, polymorphic, or stereoisomeric
form, or mixtures thereof, ol a compound of the invention,
which possess the useful properties described herein, 1t
being well known 1n the art how to prepare optically active
forms (for example, by resolution of the racemic form by
recrystallization techniques, by synthesis from optically-
active starting maternials, by chiral synthesis, or by chro-
matographic separation using a chiral stationary phase) and
how to determine topoisomerase 1nhibition activity or cyto-
toxic activity using the standard tests described herein, or
using other similar tests which are well known in the art.
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Compounds of the present invention can contain chiral
centers, for example, at ring atom position 6 1 formula I
when R, and R, are different. Compounds of the present

invention can also contain chiral centers, for example, 1n any
of the substituents Y, Z, R, R, when R, and R, together are
=—N—R,, and R; or R,.

In cases where compounds are sufliciently basic or acidic
to form stable nontoxic acid or base salts, administration of
the compounds as salts may be appropriate. Examples of
pharmaceutically acceptable salts are organic acid addition
salts formed with acids which form a physiological accept-
able anion, for example, tosylate, methanesulionate, acetate,
citrate, malonate, tartarate, succinate, benzoate, ascorbate,
a.-ketoglutarate, and a-glycerophosphate. Suitable inorganic
salts may also be formed, including hydrochloride, sulfate,
nitrate, bicarbonate, and carbonate salts.

Pharmaceutically acceptable salts may be obtained using
standard procedures well known 1n the art, for example by
reacting a suiliciently basic compound such as an amine with
a suitable acid aflording a physiologically acceptable anion.
Alkali metal, for example, sodium, potasstum or lithium, or
alkaline earth metal, for example calcium, salts of carboxy-
lic acids can also be made.

The compounds of formula I can be formulated as phar-
maceutical compositions and administered to a mammalian
host, such as a human patient in a variety of forms adapted
to the chosen route of administration, that 1s, orally or
parenterally, by intravenous, intramuscular, topical or sub-
cutancous routes.

Thus, the present compounds may be systemically
administered, for example, orally, in combination with a
pharmaceutically acceptable vehicle such as an inert diluent
or an assimilable edible carrier. They may be enclosed 1n
hard or soit shell gelatin capsules, may be compressed nto
tablets, or may be incorporated directly with the food of the
patient’s diet. For oral therapeutic administration, the active
compound may be combined with one or more excipients
and used in the form of ingestible tablets, buccal tablets,
troches, capsules, elixirs, suspensions, syrups, wafers, and
the like. Such compositions and preparations should contain
at least 0.1% of active compound. The percentage of the
compositions and preparations may, of course, be varied and
may conveniently be between about 2 to about 60% of the
welght of a given umt dosage form. The amount of active
compound 1n such therapeutically useful compositions 1is
such that an effective dosage level will be obtained.

The tablets, troches, pills, capsules, and the like may also
contain the following: binders such as gum tragacanth,
acacia, corn starch or gelatin; excipients such as dicalcium
phosphate; a disintegrating agent such as corn starch, potato
starch, alginic acid and the like; a lubricant such as magne-
sium stearate; and a sweetening agent such as sucrose,
fructose, lactose or aspartame or a tlavoring agent such as
peppermint, oil of wintergreen, or cherry flavoring may be
added. When the unit dosage form 1s a capsule, it may
contain, in addition to matenials of the above type, a liquid
carrier, such as a vegetable o1l or a polyethylene glycol.
Various other materials may be present as coatings or to
otherwise modily the physical form of the solid unit dosage
form. For 1nstance, tablets, pills, or capsules may be coated
with gelatin, wax, shellac or sugar and the like. A syrup or
clixir may contain the active compound, sucrose or fructose
as a sweetening agent, methyl and propylparabens as
preservatives, a dye and flavoring such as cherry or orange
flavor. Of course, any material used 1n preparing any unit
dosage form should be pharmaceutically acceptable and
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substantially non-toxic in the amounts employed. In
addition, the active compound may be incorporated into
sustained-release preparations and devices.

The active compound may also be administered intrave-
nously or intraperitoneally by infusion or injection. Solu-
tions of the active compound or its salts can be prepared in
water, optionally mixed with a nontoxic surfactant. Disper-
sions can also be prepared 1n glycerol, liqud polyethylene
glycols, triacetin, and mixtures thereotl and 1n oils. Under
ordinary conditions of storage and use, these preparations
contain a preservative to prevent the growth ol microorgan-

1SmS.

The pharmaceutical dosage forms suitable for injection or
infusion can include sterile aqueous solutions or dispersions
or sterile powders comprising the active mgredient which
are adapted for the extemporaneous preparation of sterile
injectable or infusible solutions or dispersions, optionally
encapsulated 1n liposomes. In all cases, the ultimate dosage
form must be sterile, fluid and stable under the conditions of
manufacture and storage. The liquid carrier or vehicle can be
a solvent or liquid dispersion medium comprising, for
example, water, ethanol, a polyol (for example, glycerol,
propylene glycol, liquid polyethylene glycols, and the like),
vegetable oils, nontoxic glyceryl esters, and suitable mix-
tures thereol. The proper fluidity can be maintained, for
example, by the formation of liposomes, by the maintenance
of the required particle size in the case of dispersions or by
the use of surfactants. The prevention of the action of
microorganisms can be brought about by various antibacte-
rial and antifungal agents, for example, parabens,
chlorobutanol, phenol, sorbic acid, thimerosal, and the like.
In many cases, 1t will be preferable to include 1sotonic
agents, for example, sugars, buflers or sodium chloride.
Prolonged absorption of the mnjectable compositions can be
brought about by the use 1n the compositions ol agents
delaying absorption, for example, aluminum monostearate
and gelatin.

Sterile 1njectable solutions are prepared by incorporating
the active compound in the required amount in the appro-
priate solvent with various of the other ingredients enumer-
ated above, as required, followed by filter sterilization. In the
case of sterile powders for the preparation of sterile 1nject-
able solutions, the preferred methods of preparation are
vacuum drying and the freeze drying techmiques, which
yield a powder of the active mgredient plus any additional
desired ingredient present in the previously sterile-filtered
solutions.

For topical administration, the present compounds may be
applied 1n pure form, 1.e., when they are liquids. However,
it will generally be desirable to administer them to the skin
as compositions or formulations, in combination with a
dermatologically acceptable carrier, which may be a solid or
a liquad.

Usetul solid carriers include finely divided solids such as
talc, clay, microcrystalline cellulose, silica, alumina and the
like. Usetul liquid carriers include water, alcohols or glycols
or water-alcohol/glycol blends, 1n which the present com-
pounds can be dissolved or dispersed at eflective levels,
optionally with the aid of non-toxic surfactants. Adjuvants
such as fragrances and additional antimicrobial agents can
be added to optimize the properties for a given use. The
resultant liquid compositions can be applied from absorbent
pads, used to impregnate bandages and other dressings, or
sprayed onto the affected area using pump-type or aerosol
sprayers.

Thickeners such as synthetic polymers, fatty acids, fatty
acid salts and esters, fatty alcohols, modified celluloses or
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modified mineral materials can also be employed with liquid
carriers to form spreadable pastes, gels, omtments, soaps,
and the like, for application directly to the skin of the user.

Examples of useful dermatological compositions which
can be used to deliver the compounds of formula I to the skin
are known to the art; for example, see Jacquet et al. (U.S.
Pat. No. 4,608,392), Geria (U.S. Pat. No. 4,992.4778), Smith
et al. (U.S. Pat. No. 4,559,157) and Wortzman (U.S. Pat. No.
4,820,508).

Usetul dosages of the compounds of formula I can be
determined by comparing their in vitro activity, and 1n vivo
activity 1n animal models. Methods for the extrapolation of
cllective dosages 1n mice, and other animals, to humans are
known to the art; for example, see U.S. Pat. No. 4,938,949,

Generally, the concentration of the compound(s) of for-
mula I 1n a liquid composition, such as a lotion, will be from
about 0.1-235 wt-%, preferably from about 0.5-10 wt-%. The
concentration 1n a semi-solid or solid composition such as a
gel or a powder will be about 0.1-5 wt-%, preferably about

0.5-2.5 wt-%.

The amount of the compound, or an active salt or deriva-
tive thereof, required for use 1n treatment will vary not only
with the particular salt selected but also with the route of
administration, the nature of the condition being treated and
the age and condition of the patient and will be ultimately at
the discretion of the attendant physician or clinician.

In general, however, a suitable dose will be in the range
of from about 0.5 to about 100 mg/kg, e.g., from about 10
to about 75 mg/kg of body weight per day, such as 3 to about
50 mg per kilogram body weight of the recipient per day,
preferably in the range of 6 to 90 mg/kg/day, most preferably
in the range of 15 to 60 mg/kg/day.

The compound may convenmiently be administered 1n unit
dosage form; for example, containing 5 to 1000 mg, con-
veniently 10 to 750 mg, most conveniently, 50 to 500 mg of
active mgredient per unit dosage form.

Ideally, the active ingredient should be admimstered to
achieve peak plasma concentrations of the active compound
of from about 0.5 to about 75 uM, preterably, about 1 to 50
uM, most preferably, about 2 to about 30 uM. This may be
achieved, for example, by the intravenous 1njection of a 0.05
to 5% solution of the active ingredient, optionally 1n saline,
or orally administered as a bolus containing about 1-100 mg
of the active ingredient. Desirable blood levels may be
maintained by continuous infusion to provide about
0.01-5.0 mg/kg/hr or by intermittent infusions containing
about 0.4-15 mg/kg of the active mgredient(s).

The desired dose may conveniently be presented 1n a
single dose or as divided doses administered at appropriate
intervals, for example, as two, three, four or more sub-doses
per day. The sub-dose 1tself may be turther divided, e.g., mto
a number of discrete loosely spaced administrations; such as
multiple inhalations from an 1nsufilator or by application of
a plurality of drops into the eve.

The ability of a compound of the invention to eflect
topoisomerase 1 or II mediated DNA cleavage can be
determined using pharmacological models that are well
known to the art, for example, using a model like Test A
described below.

Test A. Topoisomerase I-mediated DNA Cleavage Assay

Human topoisomerase 1 was expressed in £. Coli and
1solated as a recombinant fusion protein using a 17 expres-

sion system as described previously, see Makhey, D. et al.,
Bioorg. Med. Chem., 2000, 8, 1-11. DNA topoisomerase I
was purified from calf thymus gland as reported previously,



Us 7,049,315 B2

17

see Mamiatis, T., et al., J. Molecular Cloning, a Laboratory
Manual, Cold Spring Harbor Laboratory, Cold Spring
Harbor, N.Y., 149-1835). Plasmid YepG was also purified by
the alkali lysis method followed by phenol deproteination
and CsCl/ethidium 1sopycnic centrifugation method as
described, see Maniatis, T.; Fritsch, E. F.; Sambrook, J.
Molecular Cloning, a Laboratory Manual, Cold Spring
Harbor Laboratory: Cold Spring Harbor, N.Y. 1982; pp
149—-185. The end-labeling of the plasmid was accomplished
by digestion with a restriction enzyme followed by end-
filling with Klenow polymerase as previously described, see
Liu, L. F.; Rowe, T. C.; Yang, L.; Tewey, K. M.; Chen, G. L.,
J. Biol. Chem. 1983, 258, 13365. Cleavage assays were
performed as previously reported, see B. Gatto et al. Cancer
Res., 1996, 56, 2795-2800. The drug and the DNA 1n
presence of topoisomerase I was incubated for 30 minutes at
37° C. After development of the gels, typically 24-hour
exposure was used to obtain autoradiograms outlining the
extent of DNA fragmentation. Topoisomerase I-mediated

[ 1

DNA cleavage values are reported as REC, Relative Eflec-
tive Concentration, 1.e. concentrations relative to 2,3-
dimethoxy-8,9-methylenedioxybenzol1|phenanthridine,
whose value 1s arbitrarily assumed as 1.0, that are able to
produce the same cleavage on the plasmid DNA 1n the
presence ol human topoisomerase 1. Relative potency was
based upon the relative amount of drug needed to induce
approximately 10% DNA fragmentation. Assays are per-
formed under the direction of Dr. L. F. Liu, Department of
Pharmacology, The University of Medicine and Dentistry of
New lJersey, Robert Wood Johnson Medical School,

Piscataway, N.J.

A similar assay can be used to evaluate the ability of a
compound of the mvention to effect topoisomerase 11 medi-
ated DNA cleavage, by replacing the human topoisomerase
I used 1n Test A with a suitable topoisomerase 11.

Camptothecin 1s recognized as being among the most
potent topoisomerase I inhibitors. Compound 5 has similar
potency as a topoisomerase I inhibitor to Irinotecan and
Topotecan, both of which are in clinical use, as well as
Camptothecin 1n the cleavable complex assay detailed
herein.

TABLE 1
RPMI 8402
Compound | LM | IC s, values CPT-K5
5 0.003 1.2
Camptothecin 0.002 4.5
[rinotecan 0.57 >100
Topotecan 0.005 >10

The data 1in Table 1 demonstrate that a representative
compound of the present invention can function as cytotoxic
agents against tumor cell lines.

The cytotoxic eflects of a compound of the mnvention can
be determined using pharmacological models that are well
known to the art, for example, using a model like Test B
described below.

Test B. Inhibition of Cell Growth: MTT-microtiter Plate
Tetrazolinium Cytotoxicity Assay (RPMI 8402, CPT-K35,
U937, U937/CR Cells)

The cytotoxicity 1s determined using the M T T-microtiter
plate tetrazolintum cytotoxicity assay (MTA), see Chen A. Y.
et al. Cancer Res. 1993, 53, 1332; Mosmann, T. J., J.
Immunol. Methods 1983, 65, 55; and Carmichael, J. et al.
Cancer Res. 1987, 47, 936. The human lymphoblast RPMI
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8402 and its camptothecin-resistant variant cell line, CP1-
K5 were provided by Dr. Toshiwo Andoh (Anchi Cancer

Research Institute, Nagoya, Japan), see Andoh, T.; Okada,
K, Adv. in Pharmacology 1994, 29B, 93. Human U-937

myeloid leukemia cells and U-937/CR cells were described
by Rubin et al., J. Biol. Chem., 1994, 269, 2433-2439. The
cytotoxicity assay 1s performed by using 96-well microtiter
plates using 2000 cells/well, 1n 200 mL of growth medium.
Cells are grown 1n suspension at 37° C. in 5% CO, and
maintained by regular passage in RPMI medium supple-
mented with 10% heat-inactivated fetal bovine serum,
L-glutamine (2 mM), penicillin (100 U/mL), and strepto-
mycin (0.1 mg/mL). For determination of IC.,, cells are
exposed continuously for 3—4 days to varying concentrations
of drug, and MT'T assays were performed at the end of the
fourth day. Each assay 1s performed with a control that did
not contain any drug. All assays are performed at least twice
in 6 replicate wells. All assays are performed under the
direction of Dr. L. F. L1u, Department of Pharmacology, The
University of Medicine and Dentistry of New Jersey, Robert

Wood Johnson Medical School, Piscataway, N.I.

Topoisomerase inhibitors are also known to possess
antibacterial, antifungal, antipsoritic (psoriasis),
antiprotozoal, antihelmetic, and antiviral activity.
Accordingly, the topoisomerase 1nhibitors of the mvention
may also be useful as antibacterial, antifungal, antipsoritic
(psoriasis), antiprotozoal, antihelmetic, or antiviral agents.
In particular, compounds of the invention that demonstrate
little or no activity as mammalian topoisomerase 1 poisons,
because of the possibility of similar molecular mechanism of
action, could be highly active and selective antibactenal,
antifungal, antipsoritic (psoriasis), antiprotozoal,
antihelmetic, or antiviral agents. Thus, certain compounds of
the invention may be particularly useful as systemic
antibacterial, antifungal, antipsoritic (psoriasis),
antiprotozoal, antihelmetic, or antiviral agents 1n mammals.
The mvention also provides the use of a compound of the
invention for the manufacture of a medicament useful for
producing an antibacterial, antifungal, antipsoritic
(psoriasis), antiprotozoal, antihelmetic, or antiviral effect 1n
a mammal.

As used herein, the term ‘“solid mammalian tumors™
include cancers of the head and neck, lung, mesothelioma,
mediastinum, esophagus, stomach, pancreas, hepatobiliary
system, small intestine, colon, rectum, anus, kidney, ureter,
bladder, prostate, urethra, penis, testis, gynecological
organs, ovarian, breast, endocrine system, skin central ner-
vous system; sarcomas of the soit tissue and bone; and
melanoma of cutancous and intraocular origin. The term
“hematological malignancies” includes childhood leukemia
and lymphomas, Hodgkin’s disease, lymphomas of lympho-
cytic and cutaneous origin, acute and chronic leukemia,
plasma cell neoplasm and cancers associated with AIDS.
The preferred mammalian species for treatment are humans
and domesticated animals.

The invention will now be illustrated by the following
non-limiting Examples, wherein unless otherwise stated:
melting points were determined with a Thomas-Hoover
Unimelt capillary melting point apparatus; column chroma-
tography refers to flash chromatography conducted on Sil-
1Tech 32-63 m, (ICN Biomedicals, Eschwegge, Ger.) using
the solvent systems indicated; radial chromatography refers
to the use of a Model 8924 chromatotron (Harrison
Research, CA); infrared spectral data (IR) were obtained on
a Perkin-Elmer 1600 Fourier transform spectrophotometer
and are reported in cm™'; proton (‘H NMR) and carbon (*°C
NMR) nuclear magnetic resonance were recorded on a
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Varian Gemini-200 Fourier Transform spectrometer; NMR
spectra (200 MHz 'H and 50 MHz '°C) were recorded in the
deuterated solvent indicated with chemical shifts reported 1n
units downfield from tetramethylsilane (ITMS); coupling
constants are reported in hertz (Hz); mass spectra were
obtained from Washington University Resource for Bio-
medical and Bio-organic Mass Spectrometry within the
Department of Chemistry at Washington University, St.
Louis, Mo.; combustion analyses were performed by Atlan-
tic Microlabs, Inc., Norcross, Ga., and were within 0.4% of
the theoretical value.

Specific compounds of the present mmvention can be
prepared 1n accordance with the following scheme using, for
example, the reactions and reagents illustrated.

N N
-
OH ]
| 2
HENCHECHzN(CI_y
H;CO X
Cl
H,CO
> O
A
NCHLCHLNT
|
; CH;
N
2 \‘/\#____..O>
‘ N CHa
H3CO/ \/\H/ SNCH,CH,NT
|
O CHsj
4/
N
N,;::- \‘/\f0>
H;CO NN
N CHa
H,CO N CILCHLNT
|
O CH;
5

EXAMPLE 1

11,12-dihydro-2,3-dimethoxy-8,9-methylenedioxy-11-
| 2-(dimethylamino)ethyl]-5,6,11-triazachrysen-12-one (5).
A mixture of 4-N-(2-Dimethylaminoethyl)-N-(2-bromo-4,5-
dimethoxybenzoyl)amine-6,7-methylenedioxycinnoline (4,
220 mg, 0.40 mmol), Pd(OAc), (18.0 mg, 0.08 mmol),
P(o-tolyl); (48.8 mg, 0.16 mmol), and silver carbonate (225
mg, 0.80 mmol) were heated to reflux in DMF (12 mL) and
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stirred under nitrogen for 75 minutes. The reaction mixture
was cooled to room temperature, diluted with chloroform
and filtered though a bed of celite. The solvent was removed
under reduced pressure and the resulting residue was chro-
matographed on silica gel using 95:5 chloroform:methanol

to give the title compound (60 mg) in 36% vyield; '"H NMR
(CDCl;,) o0 2.42(s, 6H), 3.04(t, 2H, 1=7.2 Hz), 4.08(s, 3H),
4.17(s, 3H), 4.64(t, 2H, J=7.2 Hz), 6.253(s, 2H), 7.81(s, 1H),
7.84(s, 1H), 8.07(s, lH), 8.65(s, 1H); C NMR (CDCl,) &
45.9,47.4,56.4,56.7,57.7,99.4,102.8, 104.3, 106.6, 107.9,
113.7, 119.6, 129.1, 131.0, 1344, 1494, 150.2, 151.5,
154.4, 163.1; HRMS calcd. for C,,H,,O.N_H: 423.1668;
found 423.1653.

The intermediate 4-N-(2-Dimethylaminoethyl)-N-(2-
bromo-4,5-dimethoxybenzoyl)amine-6,7-
methylenedioxycinnoline (4) was prepared as follows:

a. 4-N-(2-Dimethylaminoethyl)-N-(2-bromo4,5-
dimethoxybenzoyl)amine-6,7-methylenedioxycinnoline (4).
A 2.0M solution of oxalyl chloride 1n methylene chloride (5
ml., 10.0 mmol) was added to a solution of 2-10do-4,5-
dimethoxybenzoic acid (1.50 g, 4.8 mmol) 1n anhydrous
methylene chloride (45 mL) and the stirred mixture was
refluxed for 2 hours. The mixture was then concentrated to
dryness under reduced pressure. To this residue was added
a solution of N-(2-Dimethylaminoethyl)-4-amino-6,7-
methylenedioxycinnoline (3, 1.0 g, 3.84 mmol), and triethy-
lamine (760 mg 7.52 mmol) in methylene chloride (60 mL)
and the resulting mixture was stirred at reflux under nitrogen
for 4 hours, then cooled to room temperature; stirring was
continued overnight. The reaction mix was washed with a
saturated solution of sodium bicarbonate (3x40 mL), drnied
(anhydrous MgSO,), and concentrated in vacuo. The crude
material was chromatographed over silica using 90:10 chlo-
roform:methanol to give compound 4 (1.59 g), in 75% vyield;
"H NMR (CDCl,) 8 2.27(s, 6H), 2.53(m, 2H), 3.43(s, 3H),
3.75(s, 3H), 3.97(m, 1H), 4.44(m, 1H), 6.24(s, 1H), 6.25(s,
1H), 6.43(s, 1H), 7.02(s, 1H), 7.43(s, 1H), 7.68(s, 1H),
0.18(s, 1H); '°C NMR (CDCl,) § 45.5, 47.1, 55.7, 56.1,
56.7, 82.8, 96.7, 102.9, 105.4, 110.6, 121.9, 123.2, 133.1,
136.0, 144.8, 148.2, 149.9, 1509, 151.7, 152.4, 169.8;
HRMS calcd for C,,H,,ON_IH: 551.0791; found
551.0795.

b. N-(2-Dimethylaminoethyl)-4-amino-6,7-
methylenedioxycinnoline (3). 4-Chloro-6,7-
methylenedioxycinnoline (350 mg, 1.7 mmol) and copper
powder (100 mg, 1.6 mmol) 1n N,N-
dimethylethylenediamine (3.75 g, 42.6 mmol) were stirred
at 105° C. under nitrogen for 3 hours. Excess N,N-
dimethylethylenediamine was removed by rotoevaporation,
and the residue was dissolved 1n chloroform (350 mL), and
washed with water (3x30 mL), dried (anhydrous MgSO,),
and concentrated 1n vacuo to give compound 3 (324 mg) 1n
74% vyield; '"H NMR (CDCl,) & 2.33 (s, 6H), 2.70 (t, 2H),
3.38 (dt, 2H), 6.15 (s, 2H), 7.03 (s, 1H), 7.56 (s, 1H), 8.53
(s, 1H); "°C NMR (CDCl,) & 39.5, 45.1, 57.0, 94.7, 102.1,
105.3, 112.7, 128.8, 139.8, 147.8, 149.5, 150.7; HRMS
calcd for C,3H, ,O,N,:260.1273; found 260.1267.

c. 4-Chloro-6,7-methylenedioxycinnoline (2).
4-Hydroxy-6,7-methylenedioxycinnoline (1, 1.0 g, 5.3
mmol) was added 1n small portions to a stirred mixture of
phosphorus pentachloride (1.4 g, 6.7 mmol) and phosphorus
oxychlonide (4 mL, 6.6 mmol) at room temperature. The
reaction flask was heated to 80° C. for 1 hour, then cooled
to room temperature and poured onto 350 g of crushed ice.
After neutralization of the solution with solid sodium acetate
the precipitate was removed by filtration and recrystallized
from ethanol to give 800 mg of 4-chloro-6,7-
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methylenedioxycinnoline, compound 2, in 73% vyield; "H
NMR (CDCl,) 06 6.25 (s, 2H), 7.39 (s, 1H), 7.73 (s, 1H), 9.14
(s, 1H); °C NMR (CDCl,) 897.8, 102.9, 105.1, 124.2,
133.4, 144.0, 150.0, 152.3, 152.7;, HRMS calcd for
CoH-O,N,CI: 208.0040; found 208.0042.

d. 4-Hydroxy-6,7-methylenedioxycinnoline (1).
6'-Amino-3',4'-(methylenedioxy)acetophenone (2.4 g, 13.4
mmol) i concentrated hydrochloric acid (92 mL) and water
(13 mL) was cooled to -5° C. and a diazotized by the
dropwise addition of a solution of sodium mtrite (0.925 g,
13.4 mmol) in water (4 mL). After stirring for an additional
hour at -35° C. the mixture was ftransferred to a bath
preheated at 75° C. and left to stir at this temperature
overnight. The reaction mixture was cooled to 3° C. to
complete crystallization of the product 1n the form of 1ts
hydrochloride salt. This material was filtered and then added
to 10% aqueous NaOH (100 mL) to generate the free base,
which was again filtered and dried under vacuum to yield
2.37 g of the hydroxycinnoline, compound 1, 1n 93% vyield;
'"H NMR (d.-DMSO) 8 6.21(s, 2H), 6.97 (s, 1H), 7.30 (s,
1H), 7.63 (s, 1H); °C NMR (d.-DMSO) 8 94.9, 100.29,
103.3, 120.1, 139.7, 139.9, 147.4, 153.5, 169.4; HRMS
calcd for C;H,O;N,: 190.0378; found 190.037/2.

EXAMPLES 2-6

The representative compounds of the invention at
Examples 2—-6 were prepared using the following general
procedure from the intermediates prepared in the corre-
spondingly numbered sub-parts a below.

A mixture of the requisite 4-amino-6,7-
methylenedioxycinnoline o-iodobenzamide derivative (1.0
mmol equiv.), PA(OAc), (0.2 mmol equiv.), P(o-tolyl), (0.4
mmol equiv.), and Ag,CO, (2.0 mmol equiv) was heated to
reflux in DMF (30 mL per mmol equiv.) with stirring. The
reaction mixture was allowed to cool to room temperature,

diluted with CHCI;, and filtered through Celite. The sicciate
was extensively washed with 10% CH,OH in CHCI;. The
filtrate was concentrated 1n vacuo and the residue chromato-

graphed on silica gel using chloroform:methanol to provide
the title compound.

EXAMPLE 2

2,3-Dimethoxy-8,9-methylenedioxy-11-[(2-
diethylamino)ethyl]-11H-5,6,11-triaza-chrysen-12-one:
Prepared from N-(6,7-Methylenedioxycinnolin-4-y1)-N-(IN,
N-diethylaminoethyl)-2-10do-4,5-dimethoxybenzamide
(578 mg, 1.0 mmol); (18% vield); reaction time 25 min; mp
245-247° C. (dec.); IR (CHCL,) 1652; "H NMR (CDCl,) 8
1.08 (t, 6H, J=7.0), 2.67 (q, 4H, 1=7.0), 3.14 (t, 2H, I=7.1),
4.08 (s, 3H), 4.17 (s, 3H), 4.64 (t, 2H, J=7.1), 6.25 (s, 2H),
7.80 (s, 1H), 7.84 (s, 1H), 8.18 (s, 1H), 8.63 (s, 1H); “°C
NMR (CDCl;) o 11.8, 47.7, 48.0, 51.5, 56.4, 36.6, 99.7,
102.7, 104.3, 106.4, 108.0, 113.7, 119.7, 129.1, 131.1,
134.4, 149.4, 150.3, 151.2, 151.5, 1544, 163.2; HRMS
calcd for C,,H, O.N_H: 451.1952; tound: 451.1960.

EXAMPLE 3

2,3-Dimethoxy-8,9-methylenedioxy-11-](2-
dimethylamino)-1-methylethyl]-11H-5,6,11-triaza-chrysen-
12-one: Prepared from N-(6,7-Methylenedioxycinnolin-4-
y1)-N-| 2-(N,N-dimethylamino)-1-methylethyl)-2-i0do-4,5-
dimethoxybenzamide (100 mg, 0.18 mmol); (28% vyield);
reaction time 2 h; mp 235-36° C.; IR(KBr) 1659: 'H NMR
(CDCl;) 0 1.93 (d, 3H, J=8.2), 1. 97 (s, 3H), 2.74 (dd, 1H,
1=5.8,13.6), 3.27 (dd, 1H, J=7.4,12.8), 4.07 (s, 3H), 4.15 (s,
3H), 4.80 (m, 1H), 6.24 (s,2H), 7.74 (s,1H), 7.81 (s,1H),
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8.57 (s,1H); "°C (CDCl,) 8 19.4, 45.6, 56.3, 58.6, 63.0, 99.0,
102.6, 104.1, 106.2, 107.9, 114.2, 120.8, 125.6, 128.6,
131.0, 132.5, 132.8, 135.1, 149.2, 150.3, 150.6, 151.3,
154.2, 164.0, HRMS calcd for C,;H,,N,O.H 436.1747;
found 436.1832.

EXAMPLE 4

2,3-Dimethoxy-8,9-methylenedioxy-11-(2-
tetrahydofuranyl)methyl-11H-5,6,11-triazachrysen-12-one:
Prepared from N-(6,7-Methylenedioxycinnolin-4-y1)-N-[2-
(tetrahydrofuran-2-yl)methyl]-2-1i0do-4,5-
dimethoxybenzamide (140 mg, 0.25 mmol); (22% vield);
reaction time 45 min; mp 300-303° C. (dec.); IR (CHCI,)
1653; ;HNMR (CDCl;) 0 1.79 (m, 1H), 2.00 (m, 2H), 2.25
(m, 1H), 3.87 (m, 2H), 4.09 (s, 3H), 4.18 (s, 3H), 4.65 (m,
3H), 6.25 (s, 2H), 7.80 (s, 1H), 7.84 (s, 1H), 8.32 (s, 1H),
8.63 (s, 1H); ,sC NMR (CDCl;) o 235.7, 30.8, 33.0, 56 .4,
56.7, 68.4, 77.8, 100.0, 102.77, 104.3, 106.3, 108.0, 114.1,
119.7, 129.1, 131.4, 134.5, 149.5, 150.2, 150.8, 151.4,
154.4, 163.7; HRMS calcd for C, H,,O.N,:435.1430;
found: 435.1427.

EXAMPLE 5

2,3-Dimethoxy-8,9-methylenedioxy-11-[ 2-(pyrrolidin-1-
yDethyl]-11H-5,6,11-triaza-chrysen-12-one: Prepared from
N-(6,7-Methylenedioxycinnolin-4-y1)-N-[ (2-pyrrolidin-1-
yDethyl |-2-10do-4,5-dimethoxybenzamide (150 mg, 0.2
mmol) 1n 24% yield with a reaction time 30 min; mp 229°
C.; IR (KBr) 1644; '"H NMR (CDC1,) 6 1.83 (m, 4H), 2.71
(m, 4H), 3.23 (t, 2H, J=7), 4.06 (s, 3H), 4.61 (s, 3H), 4.63
(t, 2H, J=7), 6.23 (s, 2H), 7.74 (s, 1H), 7.80 (s, 1H); '°C
NMR (CDCl;) 0 23.7, 54.0, 54.2, 56.3, 56.6, 99.4, 102.7,
104.2, 106.3, 107.7, 113.5, 119.4, 129.0, 134.1, 140.2,
150.2, 1351.4, 154.3, 154.3, 163.0; HRMS calcd for
C,,H,,N,OH: 449.1825; found 449.1822.

EXAMPLE 6

2.,3-Dimethoxy-8,9-methylenedioxy-11-| 2-(piperidin-1-
yDethyl]-11H-5,6,11-triaza-chrysen-12-one: Prepared from
N-(6,7-Methylenedioxy-4-cinnolin-4-y1)-N-| 2-(piperidin-1-
yDethyl]-2-10do-4,5-dimethoxybenzamide (295 mg, 0.5
mmol); (32.4% vyield); reaction time 30 min;

mp 294-95° C.; IR (KBr) 1662;"HNMR (CDCl,) & 1.59
(s, 6H), 2.51 (s, 4H), 3.02 (t, 2H, J=6.6), 4.08 (s, 3H), 4.17
(s, 3H), 4.64 (t, 2H, J=6.6), 6.26 (s, 2H), 7.81 (s,1H), 7.85
(s, 1H), 8.36 (s, 1H), 8.65 (s, 1H); '°C (CDCl,) § 24.3, 26.0,
47.5,55.0,56.3,56.6,57.4,99.9,102.7,104.2, 106.3, 107.9,
113.77, 119.6, 129.0, 131.1, 134.3, 149.3, 150.2, 151.1,

151.4, 154.3, 163.1; HRMS caled for C,.H,.N,O.H
463.1981; found 463.1986.

EXAMPLES 2.a-6.a

The mtermediate 4-amino-6,7-methylenedioxycinnoline
o-1odobenzamide dernivatives used in Examples 2-6 were
prepared using the following general procedure.

A 2.0M solution of oxalyl chlonide in CH,CI, (1.3 equiv.)
was added to a solution of 2-10do-4,5-dimethoxybenzoic
acid (1.0 equiv.) 1n anhydrous CH,Cl, (=60 mL per 10 mmol
benzoic acid) and the solution stirred at retlux for 3 h. The
mixture was allowed to cool and was then concentrated to
dryness 1n vacuo. To the residues was added a solution of
requsite 4-amino-6,7-dimethoxyquinoline (1.0 equiv), tri-
cthylamine (2 equiv.) mm CH,Cl, (=60 mL per 4 mmol
aminoquinoline). The reaction mixture was then stirred at
reflux under N,.

I'he reaction mixture was cooled and



Us 7,049,315 B2

23

washed with sat. NaHCO; and extracted with 3% HCI. The
aqueous layer was neutralized with 20% NaOH and
extracted with CHCI,, dried (MgSQO,) and evaporated.

EXAMPLE 2.a

N-(6,7-Methylenedioxycinnolin-4-yl)-N-(N,N-
diethylaminoethyl)-2-10do-4,5-dimethoxybenzamide: Pre-
pared from N'-(6,7-Methylenedioxycinnolin-4-yl)-N,N-
diethylethane-1,2-diamine (640 mg, 2.2 mmol); (87%
yield); reaction time 16 h; IR (CHCI,) 1656; 'H NMR
(CDCly) 0 0.92 (t, 6H, J=7.0), 2.50 (q, 4H, J=7.0), 2.80 (t,
2H, J1=6.8),3.39 (s, 3H), 3.71 (s, 3H), 3.94 (m, 1H), 4.41 (m,
1H), 6.21 (d, 2H, J=1.4), 6.39 (s, 1H), 7.01 (s, 1H), 7.39 (s,
1H), 7.64 (s, 1H), 9.11 (s, 1H); '°C NMR (CDCl,) & 11.6,
46.9,47.8, 51.1, 55.7, 56.1, 82.9, 96.9, 102.9, 105.5, 110.9,
122.1, 122.9, 133.0, 136.5, 1449, 148.3, 150.1, 150.9,
151.77, 152.3, 169.8; HRMS calcd for C,,H,,O.N,IH:
579.1105; tfound: 579.1105.

EXAMPLE 3.a

N-(6,7-Methylenedioxycinnolin-4-yl)-N-[ -2-(N,N-
dimethylamino)-1-methylethyl)-2-10do-4,5-
dimethoxybenzamide: Prepared from N-(6,7-
difluorocinnolin-4-y1)-N*,N' -dimethylpropane-1,2-diamine
(240 mg, 0.87 mmol); (83% vield); reaction time 16 h, mp
110-111° C.; '"H NMR (CDCl,) was a mixture of atropiso-
mers 0 1somer #1 1.03-1.36 (m, 3H), 2.21-2.37 (m, 6H),
2.74-3.07 (m, 1H), 3.43-3.65 (m, 6H), 3.84-3.91 (m, 1H),
5.15 (m, 1H), 6.18 (s, 2H), 6.59 (s, 1H), 6.91 (s, 1H), 7.56
(s, 1H), 8.04 (s, 1H), 9.34 (s, 1H) 1somer #2 1.03—-1.36 (m,
3H), 2.31-2.37 (m, 6H), 2.74-3.07 (m, 1H), 3.43-3.65 (m,
6H), 3.84-3.91 (m,1H), 5.15 (m, 1H), 6.18 (s, 2H), 6.59 (s,
1H), 6.91 (s, 1H), 7.56 (s, 1H), 8.04 (s, 1H), 9.34 (s, 1H);
HRMS calcd for C,;H,.ON_,IH: 565.0870; found:
565.0926.

EXAMPLE 4.a

N-(6,7-Methylenedioxycinnolin-4-y1)-N-[-2-
(tetrahydrofuran-2-yl)methyl]-2-10do-4,5-
dimethoxybenzamide: Prepared from 2-[[[N-(6,7-
Methylenedioxycinnolin-4-yl)]amino |[methyl]
tetrahydrofuran (400 mg, 1.5 mmol); (34% vyield); reaction
time 16 h; IR (CHCI;) 1654;
atropisomers, (CDCI;) o 1somer #1 1.94 (m, 4H), 3.70 (m,
4H), 3.73 (s, 3H), 3.94 (s, 3H), 4.34 (m, 1H) 6.23 (s, 2H),
7.00 (s, 1H), 7.40 (s, 1H), 7.70 (s, 1H), 9.31 (s, 1H), 1somer
#2 1.94 (m, 4H), 3.70 (m, 4H), 3.73 (s, 3H), 3.94 (s, 3H),
4.34 (m, 1H) 6.46 (s, 2H), 7.36 (s, H), 7.49 (s, 1H), 7.65 (s,
1H), 9.17 (s, 1H); HRMS calcd for C,;H,,O.N;IH:
564.0632; found: 564.0650.

EXAMPLE 5.a

N-(6,7-Methylenedioxycinnolin-4-y1)-N-[ (2-pyrrolidin-
1-ylethyl |-2-10do-4,5-dimethoxybenzamide: Prepared from
1-]2-[N-(6,7-Methylenedioxycinnolin-4-yl)]amino ]
cthylpyrrolidine (400 mg, 0.4 mmol) 1n 42% vield with a
reaction time 4 h at 50° C. from the acid chlornide prepared
using 4.1 mmol of oxalyl chloride and 1.6 mmol of 2-10do-
4,5-dimethoxybenzoic acid. Compound 81 had: IR (KBr)
1655; "HNMR (CDCl,) 8 1.60 (m, 4H), 2.40 (m, 4H), 2.67
(m, 2H), 3.28 (s, 3H), 3.60 (s, 3H), 4.32 (m, 1H), 6.11 (d, 2H,
1=2.2),6.32 (s, 1H), 6.91 (s, 1H), 7.37 (s, 1H), 7.50 (s 1H),
0.04 (s, 1H); “C NMR (CDCl,) 8 23.6, 29.7, 47.6, 52.9,
53.9,55.7,56.0,56.4,82.8,96.7,102.9,105 .4, 110.6, 121.9,
123.1,132.8,135.9, 144.7,148.2, 149.9,150.9, 151.7, 152 4,
169.9.

'H NMR, a mixture of
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EXAMPLE 6.a

N-(6,7-Methylenedioxy4-cinnolin-4-y1)-N-2-(piperidin-
1-yl)ethyl]-2-10do-4,5-dimethoxybenzamide: Prepared from
1-]2-[N-(6,7-Methylenedioxycinnolin-4-yl)]amino ]
cthylpiperidine (500 mg, 1.66 mmol); (85.4% vield); reac-
tion time overnight at 50° C. mp 93-94° C.; IR (KBr) 1635;
"HNMR (CDCl,) & 1.43 (m, 6H), 2.35 (m, 4H), 2.50-2.71
(m, 2H), 3.43 (s, 3H), 3.73 (s, 3H), 3.78-3.93 (m, 1H),
4.32.4.42 (m, 1H), 6.22 (d, 2H, J=1.6), 6.42 (s, 1H), 7.02 (s,
1H), 7.47 (s, 1H), 7.66 (s, 1H), 9.19 (s, 1H); *°C (CDCl,) &
24.3 259, 46.0, 46.4, 54.5, 55.6, 56.0, 56.4, 82.9, 97.0,
102.8, 105.3, 110.8, 122.0, 113.7, 123.2, 133.1, 136.3,
145.0, 148.2, 149.9, 150.8, 151.6, 152.1, 169.8 HRMS calcd
tor C,;H,.IN,OH: 591.1105; found 3591.1108.

EXAMPLES 2.b—-6.b

The intermediate 4-amino-6,7-dimethoxyquinoline
derivatives used in Examples 2.a—6.a. were prepared using
the following general procedure.

The approprniate primary amine (1.0 mol equiv.) added
with stirring to 4-Chloro-6,7-methylenedioxycinnoline (see
Example 1 above). The reaction was then allowed to stir at
100° C. for several hours, and the phenol removed by
Kugelrohr distillation under reduced pressure. The residue
was partitioned between CHCI; and 10% NaOH. The aque-
ous layer was repeatedly separated with CHCI;. All of the

CHCI,; solutions (1nitial partition and extracts) were com-
bined and dried (MgSQO,).

EXAMPLE 2.b

N'-(6,7-Methylenedioxycinnolin-4-y1)-N,N-
diethylethane-1,2-diamine: Prepared from 4-Chloro-6,7-
methylenedioxycinnoline (1.0 g, 4.8 mmol); (70% vyield);
reaction time 3 h; mp 230-232° C.; '"HNMR (CDCl,) 8 1.10
(t, 6H, J=7.2), 2.63 (q, 4H, 1=7.2), 2.84 (t, 2H, 1=5.7), 3.35
(q, 2H, 1=5.7), 5.78 (br, 1H), 6.15 (s, 2H), 6.96 (s, 1H), 7.57
(s, 1H), 8.52 (s, 1H); "°C NMR (CDCl,) 8 12.2, 39.5, 46.6,
50.8, 944, 102.0, 1054, 112.8, 129.0, 139.8, 147.8, 149.5,
150.7; HRMS caled for C,.H,,O,N,:288.1586; found:

238.1575.

EXAMPLE 3.b

N-(6,7-difluorocinnolin-4-y1)-N' N'-dimethylpropane-1,
2-diamine: Prepared {rom 4-Chloro-6,7-
methylenedioxycinoline (0.52 g, 2.5 mmol); (42% vield),
reaction time 4 h, mp 196-197° C.; '"NMR (CD,OD) & 1.31
(d, 3H, J=6.6), 2.33 (s, 6H), 2.45 (dd, 1H, ]=5.4, 12.8), 2.74
(dd, 1H, J=8.2, 12.6), 4.12 (dd, 1H, J=5.8, 13.8), 6.19 (s,
2H), 7.32 (s, 1H), 7.56 (s, 1H), 8.51 (s, 1H); "°C NMR
(CD,0OD) ¢ 17.1, 44.0,45.3, 63.5, 95.1, 101.6, 102.0, 112.6,
126.7, 140.8, 149.3, 151.2; HRMS calcd for
C14H1802N4:274.1430; found: 2’74.1429.

EXAMPLE 4.b

2-[[[N-(6,7-Methylenedioxycinnolin-4-yl)]amino]
methyl |tetrahydrofuran: prepared from 4-Chloro-6,7-
methylenedioxycinnoline (500 mg, 2.4 mmol); (78% vyield);
reaction time 2 h; mp 196-198° C.; "HNMR (CDCl,) & 1.74
(m, 1H), 2.11 (m, 3H), 3.30 (m, 1H), 3.58 (m, 1H), 3.92 (m,
2H), 4.29 (m, 1H), 5.22 (br, 1H), 6.12 (s, 2H), 6.98 (s, 1H),
7.52 (s, 1H), 8.54 (s, 1H); '°C NMR (CDCl,) 8 25.9, 29.2,

46.9, 68.4, 76.9, 94.4, 102.2, 105.2, 112.8, 128.7, 139.8,
147.9, 149.6, 150.8; HRMS calcd for
C,.H,0,N;:273.1130; found: 273.1130.

EXAMPLE 5.b

1-[2-[N-(6,7-Methylenedioxycinnolin-4-yl)Jamino]
ethylpyrrolidine: Prepared from 4-Chloro-6,7-
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methylenedioxycinnoline (750 mg, 3.5 mmol), 1-(2-
aminoethyl)pyrrolidine (3 ml) and copper powder (300 mg)
in 73% yield; reaction time 18 h at 90° C.; mp 215° C. (dec);
"HNMR (CDCL,) & 1.85 (m, 4H), 2.63 (m, 4H), 2.90 (t, 2H,
I=6), 3.42 (t, 2H, J=6), 5.63 (s, 1H), 6.14 (s, 2H), 7.04 (s,
1H), 7.57 (s, 1H), 8.53 (s, 1H); '°C NMR (DMSO-d,) &
239, 42.0, 54.5, 547, 97.0, 102.9, 104.4, 112.7, 126.8,
140.8, 149.3, 151.0; HRMS calcd for
C,;H,N,0,:293.1590; found 293.1579.

EXAMPLE 6.b

1-2-|N-(6,7-Methylenedioxycinnolin-4-yl)]amino ]
cthylpiperidine:-Prepared from 4-Chloro-6,7-
methylenedioxycinnoline (1.04 g, 5.0 mmol); (37% yield);
reaction time 2h; mp 238-239° C; "H NMR (CD,0OD) 8 1.56
(d, 2H, J=5.2), 1.70 (d, 2H, 1=4.6), 2.87 (t, 2H, I=7), 3.65 ({1,
2H, J=6.6), 6.20 (s, 2H), 7.32 (s, 1H), 7.43 (s, 1H), 8.46 (s,
1H); *°C (CD,OD) & 23.1, 24.7, 38.5, 53.6, 56.1, 94.7,
101.7, 102.1, 112.4, 126.6, 141.1, 14.7, 1494, 151.2
(CDCl;);HRMS calcd for C, H,,N,O,H: 300.1586; found
300.1586.

EXAMPLES 7-12

The representative compounds of the invention at
Examples 7-12 were prepared using the following general
procedure from the intermediates prepared in the corre-
spondingly numbered sub-parts a below.

A mixture of the requsite 4-amino-6,7-
methylenedioxyquinoline o-1odobenzamide derivative (1.0
mmol equiv.), Pd(OAc), (0.2 mmol equiv.), P(o-tolyl), (0.4
mmol equiv.), and Ag,CO, (2.0 mmol equiv) was heated to
reflux in DMF (30 mL per mmol equiv.) with stirring. The
reaction mixture was allowed to cool to room temperature,
diluted with CHCI;, and filtered through Celite. The sicciate
was extensively washed with 10% CH,OH in CHCI,. The
filtrate was concentrated 1n vacuo and the residue chromato-
graphed on silica gel using chloroform:methanol.

EXAMPLE 7

8,9-Dimethoxy-2,3-methylenedioxy-5-[ 2-(N,N-
dimethylamino)ethyl|]-5H-dibenzol ¢c,h]1,6-naphthyridin-6-
one. Prepared from N-(6,7-Methylenedioxyquinolin-4-yl)-
N-(N,N-dimethylaminoethyl)-2-10do-4,5-
dimethoxybenzamide; (41% yield); reaction time 25 min;
mp 283-285° C. (dec.); IR (CHC,) 1653; "HNMR (CDCIl,)
0 2.33 (s, 6H), 3.04 (t, 2H, 1=7.2), 4.07 (s, 3H), 4.14 (s, 3H),
4.64 (t, 2H, 1=7.2), 6.18 (s, 2H), 7.47 (s, 1H), 7.68 (s, 1H),
7.89 (s, 2H), 9.37 (s, 1H); '°C NMR (CDCl,) 8 45.9, 49.2,
56.3, 56.3, 57.9, 101.2, 102.0, 102.3, 107.1, 108.8, 111.7,
114.8, 119.3, 127.6, 140.9, 143.5, 147.3, 147.7, 149.9,
150.3, 154.2, 164.1; HRMS calcd for C,;H,;N;OH:
422.1716; found 422.1710.

EXAMPLE 8

8,9-Dimethoxy-2,3-methylenedioxy-5-[ 2-(N,N-
dimethylamino)-1-methylethyl]-SH-dibenzo|[c,h]1,6-
naphthyridin-6-one: Prepared from N-(6,7-
Methylenedioxyquinolin-4-yl)-N-[ 2-(N,N-dimethylamino)-
1-methylethyl)-2-10do-4,5-dimethoxybenzamide; (30.4%
yield); reaction time 30 min; mp 186-187° C.; IR (KBr)
1649; 'HNMR (CDCL,); 8 1.95-1.98 (m, 9H), 2.77 (dd, 1H,
I1=12.0,8.0),3.21 (dd, 1H, J=12.0, 8.0), 4.06 (s, 3H), 4.13 (s,
3H), 4.84-4.92 (m, 1H), 6.17 (s, 2H), 7.46 (s, 1H), 7.66 (s,
1H), 7.77 (s, 1H), 7.87 (s, 1H), 9.35 (s, 1H); '°C NMR
(CDCl,) 0 19.7, 45.5, 36.2, 36.3, 59.5, 63.1, 100.9, 101.9,
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102.1, 107.0, 108.7, 112.4, 115.2, 120.5, 127.3, 142.6,
143.3, 147.0, 147.3, 1499, 150.1, 154.0, 164.9; HRMS

calcd for C, H,.N,O.H: 436.1794; found 436.1863.

EXAMPLE 9
8,9-Dimethoxy-2,3-methylenedioxy-5-[ 2-(pyrrolidin-1-
yDethyl]-5H-dibenzo| ¢,h]1,6-naphthyridin-6-one: Prepared
from N-(6,7-Methylenedioxyquinolin-4-y1)-N-[(2-
pyrrolidin-1-yl)ethyl]-2-10do-4,5-dimethoxybenzamide;
(36% yield); reaction time 30 min; mp 255-257° C. (dec.);
IR (CHCL,) 1653; '"H NMR (CDCL,) & 1.79 (m, 4H), 2.64
(m, 4H), 3.20 (t, 2H, J=7.1), 4.07 (s, 3H), 4.14 (s, 3H), 4.69
(t, 2H, J=7.1), 6.18 (s, 2H), 7.46 (s, 1H), 7.68 (s, 1H), 7.89
(s, 1H), 7.95 (s, 1H), 9.37 (s, 1H); '"°C NMR (CDCl,) 8 23.7,
49.6, 34.3, 56.3, 56.4, 56.4, 101.3, 102.0, 102.3, 107.0,

108.7,111.7,114.8, 119.3, 127.7, 140.9, 143.4, 147.3, 147.8,
150.0, 150.3, 154.2, 164.2; HRMS calcd for C,.H, .N,O.H:

448.1872; found 448.1872.
EXAMPLE 10

8,9-Dimethoxy-2,3-methylenedioxy-5-[2-(4-
methylpiperazin-1-yl)ethyl|-SH-dibenzo[c,h]1,6-
naphthyridin-6-one: Prepared from N-(6,7-
Methylenedioxyquinolin-4-y1)-N-[2-(4-methyl-1-
piperazinyl)ethyl]-2-10do-4,5-dimethoxybenzamide; (18%
yield); reaction time 25 min; mp 244-246° C.; IR (CHCI,)
1651; "H NMR (CDCl,) & 2.27 (s, 3H), 2.51 (m, 8H), 2.95
(t, 2H, 1=6.2), 4.07 (s, 3H), 4.15 (s, 3H), 4.69 (t, 2H, J=6.2),
6.19 (s, 2H), 7.48 (s, 1H), 7.70 (s, 1H), 7.91 (s, 2H), 7.92 (s,
1H), 9.39 (s, 1H); '°C NMR (CDCl,) 8 29.8 45.9, 48.6, 53.0,
55.0, 56.4, 56.4, 101.2, 102.0, 102.2, 107.1, 108.9, 112.0,
115.0, 119.5, 127.6, 141.2, 143.4, 147.4, 147.2, 150.0,
150.3, 154.1, 164.4; HRMS calcd for C,.H,,N,O.H:
4'77.2138; found 477.2139.

EXAMPLE 11

8,9-Dimethoxy-2,3-methylenedioxy-5-[3-(N,N-
dimethylamino)propyl |-5H-dibenzo| c,h |1,6-naphthyridin-
6-one): Prepared from N-(6,7-Methylenedioxyquinolin-4-
y1)-N-[3-(N,N-dimethylamino)propyl]-2-i0odo-4,5-
dimethoxybenzamide; (45% vyield); reaction time 30 min;
mp 262-264° C. (dec.); IR (CHCIl;) 1648; 1H NMR
(CDCl;) 0 2.29 (m, 8H), 2.45 (m, 2H), 4.07 (s, 3H) 4.14 (s,
3H), 4.53 (t, 2H, J1=7.4), 6.19 (s, 2H), 7.48 (s, 1H), 7.65 (s,
1H), 7.69 (s, 1H), 7.90 (s, 1H), 9.40 (s, 1H); °C NMR
(CDCl,) 0 26.9, 45.3, 49.2, 56.3, 56.4, 56.9, 100.8, 101.9,
102.3,107.1,108.7,111.6,114.9,119.4, 127.5, 141.0, 143.6,
147.2, 147.7, 149.9, 150.3, 154.1, 164.1; HRMS calcd for
C,.H,-N,OH: 436.1872; found 436.1878.

EXAMPLE 12

8,9-Dimethoxy-2.,3-methyvlenedioxy-5-(2-
tetrahydofuranyl)methyl-5H-dibenzo| ¢,h]1,6-naphthyridin-
6-one: Prepared from N-(6,7-Methylenedioxyquinolin-4-
y1)-N-| 2-(tetrahydrofuran-2-yl)methyl]-2-10do-4,5-
dimethoxybenzamide; (22% yield); reaction time 30 min;
mp 270-273° C.; IR (CHCIL,) 1648; 'H NMR (CDCl,) &
1.87 (m, 4H), 3.72 (m, 2H), 4.07 (s, 3H), 4.14 (s, 3H), 4.68
(m, 3H), 6.18 (s, 2H), 7.48 (s, 1H), 7.69 (s, 1H), 7.90 (s, 1H),
8.04 (s, 1H), 9.39 (s, 1H); '°C NMR (CDCl,) & 25.6, 30.3,
3477, 56.3, 56.4, 68.1, 77.3, 101.7, 102.2, 102.3, 107.0,
109.0,112.1,115.2,119.5,127.77,141.2, 143.5, 14'7.2, 147 4,
149.9, 150.3, 154.2, 164.6; HRMS calcd for C,,H,,N,OH
435.1556; tound 435.1566.

EXAMPLES 7.a—12.a

The intermediate 4-amino-6,7-methylenedioxyquinoline
o-1odobenzamide derivatives used 1 Examples 7-12 were
prepared using the following general procedure.
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A 2.0M solution of oxalyl chloride in CH,CI, (1.3 equiv.)
was added to a solution of 2-10do-5,6-dimethoxybenzoic
acid (1.0 equiv.) 1n anhydrous CH,Cl, (=60 mL per 10 mmol
benzoic acid) and the solution stirred at reflux for 3 h. The
mixture was allowed to cool and was then concentrated to
dryness 1n vacuo. To the residue was added a solution of
appropriate 4-amino-6,7-dimethoxyquinoline (1.0 equiv),
triecthylamine (2 equiv.) in CH,Cl, (=60 mL per 4 mmol
aminoquinoline). The reaction mixture was then stirred at
reflux under N,. In the case of those derivatives that have an
alkylamine incorporated in their structure, the residue was
partitioned between CHCI, and 10% NaOH. The aqueous
layer was repeatedly separated with CHCI;. All of the
CHCI, solutions (initial partition and extracts) were com-

bined and dried (MgSQO,). The aqueous layer was neutral-
1zed with 20% NaOH and extracted with CHCI,, dried

MeSO Elnd cvd Orated.
( g e p

N-(6,7-Methylenedioxyquinolin-4-y1)-N-(N,N-
dimethylaminoethyl)-2-10do-4,5-dimethoxybenzamide. Pre-
pared from N'-(6,7-Methylenedioxyquinolin-4-y1)-N,N-
dimethylethane-1,2-diamine (1.0 g, 3.84 mmol) m 71%
yield with a reaction time of 3 h, from the acid chloride
prepared using 10 mmol of oxalyl chloride and 4.8 mmol of
2-10do-3,6-dimethoxybenzoic acid. Compound 7a had: IR

(CHCL,) 1652; '"H NMR (CDCl,) 82.74 (s, 6H), 2.66 (t, 2H,
1=7.0), 3.33 (s, 3H), 3.74 (s, 3H), 3.96 (m. 1H), 4.49, (m.
1H), 6.15 (s, 2H), 6.41 (s, 1H), 7.03 (s, 1H), 7.34 (d, 11,
J=4.8), 7.37 (s, 1H), 7.44 (s, 1H), 8.56 (d, 1H, J=4.8); 130

NMR (CDCl;) 045.7, 46.9, 55 56.1, 56.6, 82.7, 98.5, 102.2,
106.7, 110.2, 120.2, 121.5, 1229 121.5, 122.9, 133 .8,
145.9, 148.0, 148.3, 148.5, 149.0, 149.6, 151.0, 170.0;

HRMS calcd for C, H,.IN;O.H: 550.0839; found
550.0823.

EXAMPLE 8.a

N-(6,7-Methylenedioxyquinolin-4-y1)-N-[ 2-(N,N-
dimethylamino)-1-methylethyl)-2-10do-4,5-
dimethoxybenzamide. Prepared from N'-(6,7-
Methylenedioxyquinolin-4-y1)-N,N-dimethylpropane- 1,2-
diamine (273 mg, 1.0 mol) i 60.4% vield with a reaction
time of 12 h, from the acid chlornde prepared using 4.8 mmol
of oxalyl chloride and 1.2 mmol of 2-i10do-5,6-

dimethoxybenzoic acid. Compound 7b had: mp 82-84° C.;
IR (KBr) 1648, 3415; HRMS calcd tfor C,,H,IN,O.H

564.0917; found 564.0997
EXAMPLE 9.a

N-(6,7-Methylenedioxyquinolin-4-yl)-N-[ (2-pyrrolidin-
1-yl)ethyl]-2-10do-4,5-dimethoxybenzamide. Prepared from
1-]2-[|N-(6,7-Methylenedioxyquinolin-4-yl)]amino ]
cthylpyrrolidine (285 mg, 1.0 mmol), 1n 87% vield with a
reaction time of 12 h, from the acid chloride prepared using,
4 mmol of oxalyl chloride and 1.36 mmol of 2-10do-3,6-
dimethoxybenzoic acid. Compound 7¢ had: IR (CHCI,)
1650; "HNMR (CDCl,) 6 1.78 (m, 4H), 2.22 (m, 1H), 2.59
(m, 3H), 2.83 (t, 2H, J=6.6), 3.33 (s, 3H), 3.74 (s, 3H), 3.96
(d, 1H, J=4), 4.54 (m, 1H), 6.15 (s, 1H), 6.42 (s, 1H), 7.03
(s, 1H), 7.34 (d, 1H, J=4.8), 7.36 (s, 1H), 7.44 (s, 1H), 8.35
(d, 1H, J=4.8); '°C NMR (CDCl,) & 23.7, 47.7, 52.9, 54.1,
55.5, 56.1, 82.7, 98.4, 102.2, 106.7, 106.7, 120.1, 121.5,
122.9, 133.7, 145.9, 148.0, 148.3, 148.4, 149.0, 149.6,
151.0, 170.0; HRMS calcd for C,.H,IN,O.H: 576.0995;
tound 576.1003.

EXAMPLE 10.a

N-(6,7-Methylenedioxyquinolin-4-y1)-N-[ 2-(4-methyl-1-
piperazinyl)ethyl]-2-10do-4,5-dimethoxybenzamide. Pre-
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pared from 1-[2-|N-(6,7-Methylenedioxyquinolin-4-yl)]
amino |ethyl-4-methylpiperazine (290 mg, 0.9 mmol) in
50% vield with a reaction time of 12 h, from the acid

chloride prepared using 4.0 mmol of oxalyl chloride and 1.8
mmol of 2-10do-5,6-dimethoxybenzoic acid. Compound 7d

had: IR (CHCL,) 1649; '"H NMR (CDCl,) & 2.29 (s, 3H),
2.51 (m, 10H), 3.35 (s, 3H), 3.75 (s, 3H), 3.95 (m, 1H), 4.46
(m, 1H), 6.15 (s, 1H), 6.42 (s, 1H), 7.03 (s, 1H), 7.35 (d, 1H,
J=4.6), 7.36 (s, 1H), 7.48 (s, 1H), 8.57 (d, 1H, J=4.6); '°C
NMR (CDCl;) 6 46.0, 46.2, 33.1, 55.2, 55.5, 35.5, 56.0,
82.7,98.7,102.2, 106.7, 110.4, 120.3, 121.6, 123.0, 133.7,
146.0, 148.0, 148.4, 148.4, 148.9, 149.6, 151.0, 170.0;
HRMS calcd for C,.H,,IN,O.H: 605.1261; found
605.1261.

EXAMPLE 11.a

N-(6,7-Methylenedioxyquinolin-4-yl)-N-[3-(N,N-
dimethylamino)propyl]-2-iodo-4,5-dimethoxybenzamide.
Prepared from N'-(6,7-Methylenedioxyquinolin-4-y1)-N,N-
dimethylpropane-1,3-diamine (273 mg, 1.0 mmol), 1n 79%
yield with a reaction time of 12 h, from the acid chloride
prepared using 4.0 mmol of oxalyl chloride and 1.36 mmol

of 2-10do-5,6-dimethoxybenzoic acid. Compound 7e had: IR
(CHCL,) 1650; 'H NMR (CDCl,) & 1.93 (m, 1H), 2.16 (m,
1H), 2.34 (s, 6H), 2.58 (m, 1H), 3.31 (s, 3H), 3.47 (m, 1H),
3.75 (s, 3H), 3.95 (m, 1H,), 4.55, (m, 1H), 6.16 (s, 1H), 6.39
(s, 1H), 704 (s, 1H), 7.28 (d, 1H, J=3.0), 7.31 (s, 1H), 7.38
(s, 1H), 8.56 (d, 1h, J=5.0); "°C NMR (CDCl,) § 25.8, 45.1,
47.2,535.5,56.1,26.9,82.7,98.1, 102.3, 107.0, 110.1, 120.1,
121.5, 122.5, 133.5, 145.5, 148.1, 148.4, 148.6, 149.2,
14977, 151.1, 170.1; HRMS calcd for C,,H, JIN,O.H:
564.0995; found 564.0990.

EXAMPLE 12.a

N-(6,7-Methylenedioxyquinolin-4-yl)-N-12-
(tetrahydrofuran-2-yl)methyl]-2-1i0do-4,5-
dimethoxybenzamide. Prepared from 2-[[[N-(6,7-
Methylenedioxyquinolin-4-yl)]lamino|methyl]
tetrahydrofuran (272 mg, 1.0 mol) 1 36% vield with a
reaction time of 16 h, from the acid chloride prepared using

4.0 mmol of oxalyl chloride and 1.36 mmol of 2-10do-3,6-
dimethoxybenzoic acid. Compound 7 g had: IR (CHCI,)

1652; HRMS calcd for C, H,.N,O1H: 563.0679; found
563.0703.

EXAMPLES 7.b-12.b

The intermediate 4-amino-6,7-dimethoxyquinoline
derivatives used in Examples 7.a—12.a. were prepared using
the following general procedure.

4-Chloro-6,7-methylenedioxyquinoline was stirred in
refluxing phenol (5.5 mol equiv.) for 2.5 h. The temperature
was lowered to 100° C. and the primary amine (1.0 mol
equiv.) added with stirring. The reaction was then allowed to
stir at 100° C. for several hours, and the phenol removed by
Kugelrohr distillation under reduced pressure. In the case of
those dernivatives that have an alkylamine incorporated in
their structure, the residue was partitioned between CHCI,
and 10% NaOH. The aqueous layer was repeatedly sepa-
rated with CHCI;. All of the CHCI; solutions (initial parti-
tion and extracts) were combined and dried (MgSQ,). Other
4-amino-6,7-methylenedioxyquinoline derivatives were
purified by column chromatography.

EXAMPLE 7.b

N'-(6,7-Methylenedioxyquinolin-4-yl)-N,N-
dimethylethane-1,2-diamine was prepared from N,N-
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dimethylethylenediamine (2.55 g, 29 mmol) 1 54% yield
with a reaction time of 24h. Compound 6a had: mp
193-194° C.; "H NMR (CDCl,) & 2.32 (s, 6H), 2.70 (t, 2H,
J=6.6), 3.29 (m 2H), 5.62 (br, 1H), 6.10 (s, 2H), 6.36 (d, 1H,
J1=5.3), 7.10 (s, 1H), 7.34 (s, 1H), 8.40 (d, 1H, J=5.3); 13‘C
NMR (CDCly) 0 40.1, 45.2, 57.2, 96.3, 98.9, 101.6, 106.5,
114.4, 145.2, 146.8, 148 9, 149, 7 150.1; HRMS calcd for
C,,H,-N;0O,: 260.1399; found 260.1377.

EXAMPLE 8.b

N'-(6,7-Methylenedioxyquinolin-4-y1)-N,N-
dimethylpropane-1,2-diamine was prepared from 2-methyl-
2-(N,N-dimethylamino)ethylamine (2.55 g, 29 mmol) from
in 30.7% vyield with a reaction time of 24 h. Compound 6b
had: mp 71-72° C.; '"H NMR (CD,OD); & 1.26 (d, 3H,
I1=5.6), 3.22 (s, 6H), 2.41 (dd, 1H, J=6.2, 12), 2.65 (dd, 1H,
J=5.8, 12.2), 3.82-3.86 (m, 1H), 6.16 (s, 2H), 6.46 (d, 1H,
J=5. 8) 7.16 (s, 1H), 7.45 s,1H), 8.20 (d, 1H, J=6.0), 13‘C
NMR o 17.1, 44.0, 45.4, 63.6, 96.6, 97.3, 101.3, 101.8,
113.9, 144 .8, 146.3, 146.8, 149.7, 150.0; HRMS calcd for
C,sH,s:N;O,H: 273.1484; found 273.1477.

EXAMPLE 9.b

1-[]2-|N-(6,7-Methylenedioxyquinolin-4-yl)]amino |
cthylpyrrolidine was prepared from 1-(2-aminoethyl)

pyrrolidine (1.14 g, 10.0 mmol) 1n 31% yield with a reaction
time of 20 h. Compound 6¢ had: mp 179-182° C.; '"H NMR

(CDCL,) & 1.83 (m, 411), 2.60 (m, 41T, 2.87 (t, 2I1, 1=5.9),
3.33 (m, 2H), 5.58 (br, 1H), 6.08 (s, 2H), 6.34 (d, 1H, J=5.1),
7.08 (s, 1H), 7.31 (s, 1), 8.40 (d, 1M, J=5.1); *C NMR
(CDCL,) & 23.7, 41.4, 53.9, 54.0, 96.3, 98.9, 101.6, 106.6,
114.4, 146.4, 146.7, 149.1, 149.6, 150.0; HRMS calcd for
C,.H,,N,0.,:285.1477: found 285.1468.

EXAMPLE 10.b

1-|2-| N-(6,7-Methylenedioxyquinolin-4-yl) Jamino |ethyl-
4-methylpiperazine was prepared from 2-(4-
methylpiperidin-1-yl)ethylamine (1.43 g, 10.0 mmol) in
20% vield with a reaction time of 24 h. Compound 6d had:
mp 159-161° C.; '"HNMR (CDCL,) 6 2.34 (s, 3H), 2.54 (m,
10H), 2.80 (t, 2H, J=5.9), 5.62 (br, 1H), 6.11 (s, 2H), 6.38 (d,
1H, 1=5.2), 7.05 (s, 1H), 7.33 (s, 1H), 8.41 (d, 1H, J=5.2);
"“C NMR (CDCl,) 8 39.1, 46.2, 52.7, 55.4, 55.7, 96.0, 99.0,
101.6, 106.6, 114.3, 146.8, 146.8, 149.0, 149.5, 150.0;
HRMS calcd for C,-H,,N,O,: 314.1743; found 314.1738.

EXAMPLE 11.b

N'-(6,7-Methylenedioxyquinolin-4-y1)-N,N-
dimethylpropane-1,3-diamine was prepared from N,N-
dimethyl-1,3-diaminopropane (1.0 g, 10.0 mmol) mm 25%
yield with a reaction time of 20 h. Compound 6¢ had: mp
178-181° C.; '"H NMR (CDCL,) 8 1.92 (m, 2H), 2.39 (s,
6H), 2.58 (t, 2H, J=5.5), 3.39 (m, 2H), 6.08 (s, 2H), 6.29 (d,
1H, J=5.6), 6.95 (s, 1H), 7.31 (s, 1H), 7.52 (br s, 1H), 8.37
(d, 1H, J=5.6); °C NMR (CDCl,) & 24.6, 44.4, 45.7, 59.7,
06.6, 98.0, 101.5, 106.4, 114.5, 146.2, 146.6, 148.9, 149.9,
150.5.; HRMS calcd for C,.H,;N,O,: 273.1477; found
2'73.1473.

EXAMPLE 12.b

2-[[IN-(6,7-Methylenedioxyquinolin-4-yl)Jamino |
methyl Jtetrahydrofuran was prepared from tetrahydofurfu-

rylamine (1.01 g, 10.0 mmol) 1n 84% vyield with a reaction
time of 20 h. Compound 6g had: mp 276-278° C.; 'H NMR

(CD.OD) 6 1.77 (m, 1H), 2.07 (m. 3H), 3.61 (m, 2I1), 3.86
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(m, 2H), 4.26 (m, 1H), 6.28 (s, 2H), 6.90 (d, 1H, J=7.1), 7.19
(s, 1H), 7.74 (s, 1H), 8.21 (d, 1H, J=7.1); '*C NMR (CDCl,)
524.7,28.1, 46.6, 67.3, 76.7, 96.5, 97.6, 97.8, 103.1,112.2,

135.8, 138.6, 148.3, 153.2, 155.1; HRMS calcd for
C,.H,.N,O;: 272.1161; found 272.1172.

The mtermediate 4-Chloro-6,7-methylenedioxyquinoline
was prepared as follows.

Diethyl 3,4-methylenedioxyanilinomethylene malonate.
3.4-Methylenedioxyaniline (41.0 g, 0.3 mmol) and diethyl
cthoxymethylenemalonate (64.8g, 0.3 mmol) were refluxed
in benzene for 3.5 hours. The solvent was evaporated 1n
vacuo and the residue was washed with petroleum ether to
give 88.3 g as a shiny grey-brown solid, 1n 96% vyield; mp
09.5-101.0° C. (1it.>*" mp 102° C.); 'H NMR (CDCl,)
1.34 (t, 3H, J=7.0), 1.40 (t, 3H, J=7.0) 4.25 (q, 2H, 1=7.0),
4.31 (q, 2H, J=7.0), 6.01 (s, 2H), 6.60 (dd, 1H, J=8.5, J=2.2),
6.71 (d, 1H,J=2.2), 6.81 (d, 1H, J=8.5), 8.41 (d, 1H, J=14.0);
BC NMR (CDCL,) & 14.4, 14.6, 60.1, 60.4, 92.9, 99 4,
101.8, 108.9, 110.9, 134.3, 145.3, 148.9, 152.6, 163.8,
169.3.

4-Hydroxy-6,7-methylenedioxy-3-quinolinecarboxylic
acid cthyl ester. Diethyl 3,4-
methylenedioxyanilinomethylene malonate (80.0 g, 0.261
mol) was stirred 1n polyphosphate ester (PPE) (250 g, 0.528
mol) at 120° C. with a mechanical stirrer for 2 hours. The
reaction mixture was poured ito ice water (700 mL) and
stirred until homogenous. The mixture was then neutralized
(pH 8) with ammonium hydroxide, and the precipitate was

filtered, washed well with water, and dried to give 54.7 g as
a brown solid, mm 80% vyield; mp 277-278 ° C.; 1H NMR

(DMSO-dg) 0 1.26 (t, 3H, 1=7.0), 4.16 (g, 2H, J 7.0), 6.09
(s, 2H), 7.02 (s, 1H), 7.38 (s, 1H), 8.48 (s, lﬂ)
4-Hydroxy-6,7-methylenedioxy-3-quinolinecarboxylic
acid. 4-Hydroxy-6,7-methylenedioxy-3-
quinolinecarboxylic acid ethyl ester (45.0 g, 0.172 mol) was
added to a solution of KOH (16.8 g, 0.258 mol) 1n ethanol
(500 mL) and the mixture was heated to reflux with stirring
for 20 hours. The reaction flask was then cooled and ethanol
was evaporated under reduced pressure. Then 800 mL of
water were added with stirring to fully dissolve the potas-
sium salt, and the solution was filtered to remove any
impurities. Concentrated HC1 was added to bring the mix-
ture to pH 1, and the free acid was filtered off and dried
under vacuum, to give 33.9 g as a beige solid, in 84%; mp
>300° C. (1it.**' mp >290° C.); '"H NMR (DMSO-d,) 8 6.27
(s, 2H), 7.30 (s, 1H), 7.55 (s, 1H), 8.72 (s, 1H); “C NMR

(DMSO-dg) 0 98.5,101.8, 103.8, 107.9,120.8, 137.9, 143.5,
148.1, 153.7, 167.4, 177.4.

6,7-Methylenedioxy4-quinolone. A suspension of
4-hydroxy-6,7-methylenedioxy-3-quinolinecarboxylic acid
(30 g, 0.129 mol) in diphenyl ether (320 mL) was heated to
reflux with vigorous stirring. The reaction was carefully
monitored until 1t became clear, about 1.5 h, and then
immediately removed from heat. By this time all of the
starting maternial had dissolved but a black tarry residue
remained. The solution was decanted and cooled, allowing
the product to precipitate. This material was filtered and
washed with ethyl ether to remove all traces of phenyl ether.
A second crop was obtained by vigorously washing the tarry
residue with ethanol (16x250 mL), filtering and evaporating
the ethanol, and rinsing the material with ethyl ether. The
total yield was 14.9 g as a pale yellow solid, in 61%; mp
285-289° C. (lit.**" mp 276° C.); '"H NMR (DMSO-d,) &
5.95(d, 1H, I=7.3), 6.13 (s, 2H), 6.97 (s, 1H), 7.38 (s, 1H),
777 (d, 1H, J=7.3); '°C NMR (DMSO-d,) 8 97.5, 102.1,
102.6, 108.7, 119.4, 122.0, 130.8, 138.7, 145.8, 151.7.




Us 7,049,315 B2

31

4-Chloro-6,7-methylenedioxyquinoline. 6,7-
Methylenedioxy-4-quinolone (5.0 g, 26.5 mmol) was boiled
in POCIl; (75 mL) for 45 min and then cooled. Excess
phospohoryl chloride was removed under reduced pressure
and 1ce water (100 mL) was added to hydrolyze any residual
phosphoryl chloride. The mixture was basified (pH 9) with
ammonium hydroxide, and the solid precipitate was filtered.
This material was extracted into ethyl ether (8x100 mL), and
the ether solution was dried (MgSO,) and evaporated to
provide 4.55 g as a white solid, 1n 83%; mp 127.5-128° C.
(lit. mp 129° C.); "H NMR (CDCl,) 8 6.15 (s, 2H), 7.35 (d,
1H, J=4.7), 7.39 (s, 1H), 7.49 (s, 1H), 8.56 (d, 1H, 1=4.7);
CNMR (CDCl,) 8 99.8,102.2,106.1, 119.9, 123.7, 129.8,
141.2, 147.7, 149.1, 151 4.

EXAMPLES 13-16

The representative compounds of the invention at
Examples 13—-16 were prepared by deprotection of the
corresponding tert-butyldimethylsilyl ethers (13—15) or the
corresponding acetal as described below.

EXAMPLE 13

8,9-Dimethoxy-2,3-methylenedioxy-5-[ 2-(hydroxy)
ethyl |-5H-dibenzo| c,h|1,6-naphthyridin-6-one: Prepared
from the corresponding tert-butyldimethylsilyl ether
(Example 13.a.) by treatment with AcOH, THF, H,O (3:1:1)
at room temperature; (84% vield); reaction time 48 h; mp
285-286° C.; IR (KBr); 1653, 3448; '"H NMR (DMSO-d,);
0 3.91 (s, 3H), 4.04 (s, 3H), 4.54 (t, 2H, J=4.4), 4.96 (t, 2H,
I=4), 6.26 (s, 2H), 7.44 (s, 1H), 7.71 (s, 1H), 7.98 (s, 1H),
8.03 (s, 1H), 9.64 (s, 1H); C NMR (DMSO-d,); & 52.6,
56.4, 57.0, 59.5, 101.9, 103.0, 104.0, 106.8, 108.8, 111.9,
114.8, 119.1, 128.0, 141.2, 144.9, 147.4, 147.7, 150.2,
150.5, 154.6, 163.7, HRMS calcd (M™—OH)for
C,,H,-ON, 377.1137; Found 377.1121.

EXAMPLE 14

8,9-Dimethoxy-2,3-methylenedioxy-5-[2-(2-
hydroxyethoxy)ethyl]-SH-dibenzo| ¢c,h|1,6-naphthyridin-6-
one: Prepared Ifrom the corresponding tert-
butyldimethylsilyl ether (Example 14.a.) by treatment by
treatment with AcOH, THF, H,O (3:1:1) at room tempera-
ture; (76% vield); reaction time 18 h; mp 235° C.; IR (KBr)
1654; '"H NMR (CDCL,); & 3.61 (t, 2H, J=5.2), 3.73 (t, 2H,
1=5.2),4.07 (s, 3H), 4.14 (s,3H), 4.22 (t, 2H, 1=5.6),4.71 (t,
2H, 1=5.6), 6.2 (s, 2H), 7.53 (s, 1H), 7.69 (s, 1H), 7.88 (s,
1H), 8.05 (s,1H), 9.39 (s, 1H). HRMS calcd for
C,3H,,N,O-H: 439.1506; found 439.1499.

EXAMPLE 15

8,9-Dimethoxy-2,3-methylenedioxy-5-] 2-N,N-
dimethylamino-1-(hydroxymethyl)ethyl |-5SH-dibenzo| ¢c,h]1.
6-naphthyridin-6-one: Prepared from the corresponding tert-
butyldimethylsilyl ether (Example 15.a.) by treatment with
SN HCI 1n 1sopropanol at room temperature for 30 min;
(57% vyield); reaction time 30 min; mp 132° C.; IR (KBr)
1647; '"H NMR (CDCl,); 8 2.00 (s, 6H), 2.72—2.81 (m, 1H),
3.16-3.26 (m, 1H), 4.05 (s, 3H), 4.12 (s, 3H), 4.20-4.28 (m,
1H), 4.65-4.73 (m, 1H), 4.98 (m, 1H), 6.17 (g, 2H, I=1.2),
7.44 (s, 1H), 7.51 (s, 1H), 7.64 (s, 1H), 7.82 (s, 1H), 7.82 (s,
1H); 9.33 (s, 1H); '°C NMR (CDCl,) 8: 45.6, 56.2, 56.3,
60.0, 64.1, 65.2, 100.9, 101.8, 102.3, 106.6, 108.5, 112.5,

115.0, 119.6, 127.5, 141.1, 143.0, 147.1, 147.5, 149.9,
150.0, 154.1, 165.0.

EXAMPLE 16

8,9-Dimethoxy-2,3-methylenedioxy-5-| 2,3-dihydroxy)
propvl]-5H-dibenzo| ¢c,h]1,6-naphthyridin-6-one: Prepared
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from the corresponding acetal (Example 16.a.) by treatment
80% AcOH at reflux for 2 h. The reaction mixture was
allowed to cool, and then concentrated in vacuo. The crude
residue was triturated with chloroform (1.5 mL), filtered,
and washed with additional chloroform (10 mL), to provide
16.5 mg of pure material, in 60% wvield; mp 272-274° C.
(dec.); IR (KBr) 1631, 3407, "H NMR (DMSO-d,) 4 3.31 (d,
2H, 1=8.0), 3.95 (s, 3H), 4.07 (s, 3H), 4.63 (m, 3H), 6.33 (s,
2H), 7.55 (s, 1H), 7.72 (s, 1H), 8.06 (s, 2H), 8.21 (s, 1H),
9.79 (s, 1H); °C NMR (DMSO-d,) 8 54.4, 56.5, 57.3, 64.9,
68.8, 103.2, 103.8, 104.6, 108.9, 109.0, 112.6, 113.5, 119.3,
127.3, 138.5, 140.6, 148.2, 151.0, 151.3, 151.8, 154.8,
163.9; HRMS calcd for C,.H,,N,O-H: 425.1350; found
425.1359.

EXAMPLES 13.a-16.a

The i1ntermediate 10do compounds of Examples
13.b.—16.b. were cyclized using the following general pro-
cedure.

A mixture of the requsite 4-amino-6,7-
methylenedioxyquinoline o-1odobenzamide derivative (1.0
mmol equiv.), PA(OAc), (0.2 mmol equiv.), P(o-tolyl), (0.4
mmol equiv.), and Ag,CO, (2.0 mmol equiv) was heated to
reflux 1n DMF (30 mL per mmol equiv.) with stirring. The

reaction mixture was allowed to cool to room temperature,
diluted with CHCI,, and filtered through Celite. The sicciate

was extensively washed with 10% CH,OH in CHCI,. The
filtrate was concentrated 1n vacuo and the residue chromato-
graphed on silica gel using chloroform:methanol.

EXAMPLE 13.a

Prepared from N-(6,7-Methylenedioxyquinolin-4-yl)-N-
[ (2-(t-butyldimethylsilanyloxy)-ethyl]-2-i0do-4,5-
dimethoxybenzamide (36.4% yield); reaction time 30 min;
mp 271-273° C.; IR (KBr) 1658; '"H NMR (CDCl,) 8 0.00
(s, 6H), 0.68 (s, 9H), 4.04 (s, 3H), 4.12 (s, 3H), 4.24 (t, 2H,
I1=8), 4.65 (1, 2H, J=8), 6.18 (s, 2H), 7.44 (s, 1H), 7.64 (s,
1H), 7.85 (s, 1H), 8.01 (s, 1H), 9.29 (s, 1H); HRMS calcd
for C, H,,ISIN,OH: 637.1153; found 637.1212

EXAMPLE 14.a

Prepared from N-(6,7-Methylenedioxyquinolin-4-yl)-N-
| 2-(2-(t-butyldimethylsilanyloxy)ethoxy)ethyl |-2-i0do-4,5-
dimethoxybenzamide; (75% vyield); reaction time 18 h; mp
238° C. (dec.); IR (KBr): 1639; 1H NMR (CDCI,); o0 0.00
(s, 6H), 0.85 (s, 9H), 3.54 (t, 2H, 1=5.2), 3.70 (1, 2H, J=5.2),
4.07 (s, 3H), 4.14 (s,3H), 4.16 (t, 2H, J=6.0), 4.71 (t, 2H,
J1=6.0), 6.17 (s, 2H), 7.48 (s, 1H) 7.70 (s, 1H), 7.94 (s, 1H),
9.39 (s, 1H); HRMS calcd for C,;H,;N,O-H: 439.1505;
found 439.1506.

EXAMPLE 15.a

Prepared from N-(6,7-Methylenedioxyquinolin-4-y1)-N-
[1-[(t-butyldimethylsilanyloxy)-methyl]-N-2-
dimethylaminoethyl]]-2-10do-4,5-dimethoxybenzamide
(95% vield); reaction time 45 min; 'H NMR (CDCL,);
0-0.13 (6H), 069 (s, 9H), 1.97(s, 6H), 1.92 (s, 6H), 2.52 (m,
1H), 2.80 (m, 1H) 3.20 (m, 1H), 4.01 (s, 3H), 4.09(s, 3H),
4.50 (m, 1H), 4.90 (m, 1H), 6.11 (m,2H), 7.30 (s, 1H), 7.61
(s, 1H), 7.79 (s, 1H), 8.19 (s, 1H), 9.32 (s, 1H).

EXAMPLE 16.a

8,9-Dimethoxy-2,3-methylenedioxy-5-] 2,2-dimethyl| 1,3 ]
dioxolan-4-yl Jmethyl }-SH-dibenzo| c,h]1,6-naphthyridin-6-
one was prepared from N-(6,7-Methylenedioxyquinolin-4-
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yl1)-N-[(2,3-dihydroxy)propyl]-2-1i0do-5,6-
dimethoxybenzamide (22% vyield); reaction time 45 min);
mp 241-244° C. (dec.); IR (CHCL,) 1652; "HNMR (CDCl,)
0 1.34 (s, 3H), 1.36 (s, 3H), 3.95 (m, 2H), 4.08 (s, 3H), 4.14
(s, 3H), 435 (m, 1H), 4.55 (m, 1H), 4.77 (m, 1H), 6.19 (s,
2H), 7.48 (s, 1H), 7.70 (s, 1H), 7.87 (s, 2H), 8.05 (s, 1H),
9.40 (s, 1H); °C NMR (CDCl,) 8 25.5, 26.5, 54.0, 56.3,
56.4, 69.4, 75.5, 101.6, 102.1, 102.3, 107.0, 108.7, 109.7,
111.8,114.9,119.1, 127.8, 141.1, 143.5, 147.4, 147.7, 150.1,
150.4, 154.4, 164.6; HRMS calcd for C,.H,,N,O-H
465.1662; found 435.167°7. The compound 8,9-Dimethoxy-
2,3-methylenedioxy-5-] 2,2-dimethyl| 1,3 |dioxolan-4-yl1]
methyl]-SH-dibenzo|c,h]1,6-naphthyridin-6-one is also a
compound of the invention.

EXAMPLES 13.b.—16.b.

The mtermediate 4-amino-6,7-methylenedioxyquinoline
o-1odobenzamide derivatives used in Examples 13.a.—16.a.

were prepared using the following general procedure.

A 20M solution of oxalyl chloride in CH,Cl, (1.3 equiv.)
was added to a solution of 2-10do-5,6-dimethoxybenzoic
acid (1.0 equiv.) 1n anhydrous CH,Cl, (=60 mL per 10 mmol
benzoic acid) and the solution stirred at reflux for 3 h. The
mixture was allowed to cool and was then concentrated to
dryness 1n vacuo. To the residue was added a solution of
appropriate 4-amino-6,7-dimethoxyquinoline (1.0 equiv),
triethylamine (2 equiv.) in CH,Cl, (=60 mL per 4 mmol
aminoquinoline). The reaction mixture was then stirred at
reflux under N,. In the case of those derivatives that have an
alkylamine incorporated in their structure, the residue was
partitioned between CHCI,; and 10% NaOH. The aqueous
layer was repeatedly separated with CHCI,. All of the
CHCI, solutions (initial partition and extracts) were com-
bined and dried (MgSQO, ). The aqueous layer was neutral-
1ized with 20% NaOH and extracted with CHCI,, dried
(MgSO,) and evaporated.

EXAMPLE 13.b

N-(6,7-Methylenedioxyquinolin-4-yl)-N-[ (2-(t-
butyldimethylsilanyloxy)-ethyl]-2-1i0do-4,5-
dimethoxybenzamide. Prepared from 4-[N-|2-(t-
Butyldimethylsilanyloxy)]ethyl]Jamino-6,7-
methylenedioxyquinoline (400 mg, 1.15 mmol) m 351.7%
yield with a reaction time of 12 h, from the acid chloride
prepared using 5.0 mmol of oxalyl chloride and 1.38 mmol
of 2-10do-3,6-dimethoxybenzoic acid. Compound 8h had:
mp 79-80° C.; IR (KBr); 1653 '"H NMR (CDCL,); & 0.004
(d, 3H, J=4.2Hz), 0.82 (s, 9H), 3.26 (s, 3H), 3.67 (s, 3H),
3.84-4.02 (m, 4H), 6.13 (d, 2H, J=4Hz), 6.40 (s, 1H), 7.02
(s, 1H), 7.33 (d, 1H, J=4.2Hz), 7.36 (s, 1H), 7.42 (s, 1H),
8.52 (d, 1H, J=4Hz); HRMS calcd for C,,H;;ISiN,OH
637.1232; observed 637.1212

EXAMPLE 14.b

N-(6,7-Methylenedioxyquinolin-4-y1)-N -[2-(2-(t-
butyldimethylsilanyloxy)ethoxy)ethyl]-2-1i0do-4,5-
dimethoxybenzamide. Prepared from 4-[N-[2-]2-(t-
Butyldimethylsilanyloxy)ethoxy |ethyl Jethyl Jamino-6,7-
methylenedioxyquinoline (354 mg, 9.0 mmol) 1n 60% vyield
with a reaction time of 24 h, from the acid chloride prepared

using 4.5 mmol of oxalyl chloride and 1.8 mmol of 2-10do-
5,6-dimethoxybenzoic acid. Compound 8i had: '"H NMR

(CDCl,); 0 0.006 (s, 6H), 0.83 (s, 9H), 3.27 (s, 3H), 3.48 (1,
2H, 1=4.6), 3.67 (t, 2H, 1=5.6), 3.69 (s, 3H), 3.76—4.55 (m,
4H), 6.10 (s, 2H), 6.36 (s, 1H), 6.99 (s, 1H), 7.30-7.32 (three
singlets, 3H), 8.52 (d, 1H, J=4.8).
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EXAMPLE 15.b

N-(6,7-Methylenedioxyquinolin-4-y1)-N-[ 1-] (t-
butyldimethylsilanyloxy)-methyl]-N-2-
dimethylaminoethyl]]-2-i0do-4,5-dimethoxybenzamide.
Prepared from 4-|N-4-[2-(N,N-dimethylamino)-1-[(t-
butyldimethylsilanyloxy)methyl]-ethyl Jamino-6,7-
methylenedioxyquinoline (0.48 mg, 1.2 mol) 1n 353% vield
with a reaction time of 18 h, from the acid chloride prepared
using 5.9 mmol of oxalyl chloride and 2.4 mmol of 2-10do-
5,6-dimethoxybenzoic acid. Compound 87 had: IR (CHCI,)
1656; '"H NMR (CDCIL,) [unresolved atropisomers in a an
apparent 57:43 ratio ar r.t.| major atropisomer 6 0.01 (s, 6H),
0.84 (s, O9H), 2.34 (s, 6H), 2.55 (m, 1H), 2.85 (m, 1H); 3.43
(s, 3H), 3.71(s, 3H) 3.86—4.04 (m, 3H), 6.12 (s, 2H), 6.56 (s,
1H), 7.29-7.31 (s, 1H), 7.67 (d, 1H, J=5.0), 8.00 (s, 1H),
8.59 (d, 1H, J=4.4); minor atropisomer o 0.17 (s, 6H), 0.96
(s, OH), 2.15 (s, 6H), 2.55 (m, 1H), 2.85 (m, 1H), 3.36 (s,
3H), 3.72 (s, 3H) 3.86-4.04 (m, 3H), 6.13 (s, 2H), 6.53(s,
1H), 7.00 (s, 1H), 7.31 (s, 1H), 7.51 (d, 1H, J=4.8), 8.25 (s,
1H), 8.55 (d, 1H, I=5.2).

EXAMPLE 16.b

N-(6,7-Methylenedioxyquinolin-4-yl)-N-[(2,3-
dihydroxy)propyl]-2-10do-5,6-dimethoxybenzamide. Pre-
pared from 4-|N-(2,2-dimethyl-|1,3]dioxolan-4-yl)methyl]
amino-6,7-methylenedioxyquinoline (290 mg, 0.9 mmol) 1n
4'7% vield with a reaction time of 12 h, from the acid
chloride prepared using 30 mmol of oxalyl chloride and 13
mmol of 2-10do-5,6-dimethoxybenzoic acid. The acid chlo-
ride was added as a methylene chloride solution to a solution
of 7k 1n 125 mL of DME containing triethylamine (3.04 g
30.1 mmol). Compound 8k had: IR (CHCI,) 1653; '"H NMR
(CDCl;) o6 1.21 (s, 3H), 1.33 (s, 3H), 3.33 (s, 3H) 3.76 (s,
3H), 3.94 (m, 3H), 4.61 (m, 2H), 6.18 (s, 1H), 6.39 (s, 1H),
7.05 (s, 1H), 7.31 (d, 1H, J=4.8), 7.46 (s, 1H), 7.49 (s, 1H),
8.61 (d, 1H, J=4.8); "°C NMR (CDCl,) 6 25.6, 26.9, 55.6,
56.1, 56.4, 68.2, 73.2, 82.8, 98.2, 98.7, 102.4, 106.1, 110.3,
120.7, 121.7, 124.1, 133.3, 147.5, 148.0, 148.8, 149.5,
150.0, 151.5, 152.3, 167.8; HRMS calcd for
C,-H,N,O-IH: 593.0785; found 593.0802.

EXAMPLES 13.c.—15.c.

The mtermediate alcohols from Examples 13.d. —15.d.
were converted to their corresponding silyl ethers using the
tollowing general procedure.

A mixture of the 4-amino-6,7-methylenedioxyquinoline
derivative (1.0 mmole equiv.), imidazole (1.1 mmol equiv.)
and t-butyldimethylsilyl chloride (1.2 mmol equiv.) in DMF
(15 mL per mmol equiv) was stirred at room temperature for
6 h. DMF was removed 1n vacuo, water was added to
residue, and solid was filtered and dried.

EXAMPLE 13.c

4-[N-[ 2-(t-Butyldimethylsilanyloxy) Jethyl Jamino-6,7-
methylenedioxyquinoline. Prepared from N-(6,7-
Methylenedioxyquinolin-4-yl)ethanolamine 1n 48.7% vield;
mp 215-216° C.; "H NMR (DMSO-d,) 8 0.01 (s, 6H), 0.85
(s, 9H), 3.39 (dd, 2H, J=6, 12), 3.80 (t, 2H, J=6.2), 6.14 (s,
6.42 (d, 1H, 1=5.4), 7.12 (s, 1H), 7.60 (s, 1H), 8.18 (d, 1H,
J=4.8).

EXAMPLE 14.c

4-IN-| 2-[ 2-(t-Butyldimethylsilanyloxy)ethoxy |ethy]]
ethyllamino-6,7-methylenedioxyquinoline. Prepared from
2-[2-[N-(6,7-Methylenedioxyquinolin-4-yl)]Jamino ]
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ethoxyethanol in 39% vield (overall yield from 5); '"H NMR
(CDCl,) 8 0.1 (s, 6H), 0.92 (s, 9H), 3.64-3.69 (m, 4H), 3.84
(d, 2H, J=5.2,),3.93 (d, 2H, J=5.2), 6.15 (s, 2H), 6.56 (d, 1H,
I=6.4), 742 (s, 1H), 7.82 (s, 1H), 8.18 (d, 1H, J=6.4).

EXAMPLE 15.c

4-IN4-2-(N,N-dimethylamino)-1-[(t-

butyldimethylsilanyloxy)methyl]-ethyl]amino-6,7-
methylenedioxyquinoline. Prepared from 2-[[N-(6,7-
Methylenedioxyquinolin-4-yl)]Jamino|-3-(N,N-
dimethylamino)propanol 1n 25% vield (overall yield from
5); '"H NMR (CDCl,) [unresolved atropisomers in a an
apparent 57:43 ratio at r.t.| major atropisomer 6 0.07(s, 6H),
0.92-0.94 (s, 9H), 2.24 (s, 6H), 2.45-2.55 (m, 2H), 3.60-
4.05 (m, 3H), 5.40 (d, 1H), 6.09 (s, 2H), 6.45 (d, 1H, J=6.4),
7.02 (s, 1H), 7.30 (s, 1H), 8.18 (d, 1H, J=6.4); minor
atropisomer o 0.09 (s, 6H), 0.94 (s, 9H), 2.30 (s, 6H),
2.45-2.55 (m, 2H), 3.60-4.05 (m, 3H), 5.40 (d, 1H), 6.0 (s,
2H), 6.45 (d, 1H, 1=6.4), 7.02 (s, 1H), 7.30 (s, 1H), 8.18 (d.,
1H, J=6.4)

EXAMPLE 16.c

4-IN-(2,2-dimethyl-| 1,3 |dioxolan-4-yl)methylJamino-6,
7-methylenedioxyquinoline. A mixture of 3-[[N-(6,7-
Methylenedioxyquinolin-4-yl)Jamino]-1,2-propandiol (500
mg, 1.9 mmol),p-toluenesulionic acid (5 mg, 0.02 mg) in
DMF (20 mL) and 2,2-dimethoxypropane (5 mlL), was
heated to 80° C. and stirred at this temperature for 18 h. To
the cooled solution was added 1 mL of pyridine and the
solvent evaporated 1n vacuo. The crude material was chro-

matographed 1 96:4 chloroforn-methanol to give 466 mg of
the acetonide, in 81% vyield; mp 219-221° C.; 'H NMR

(CD,0D) & 1.35 (s, 3H), 1.38 (s, 3H), 3.74 (m, 3H), 4.19 (m,
1H), 4.49 (m, 1H), 6.28 (s, 2H), 6.94 (d, 1H, J=7.2), 7.20 (s,
1H), 7.74 (s, 1H), 8.24 (d, 1H, J=7.2); *C NMR (CD,0D)
5 23.5, 25.1, 45.0, 66.0, 73.6, 96.5, 97.7, 97.8, 103.1, 109.1,
112.2, 135.8, 138.6, 148.4, 153.3, 155.3; HRMS calcd for
C,H,N,0.: 302.1267; found 302.1267.

EXAMPLES 13.d-16.d.

The intermediate 4-amino-6,7-dimethoxyquinoline
derivatives used in Examples 13.c—16.c. were prepared
using the following general procedure.

4-Chloro-6,7-methylenedioxyquinoline was stirred in
refluxing phenol (5.5 mol equiv.) for 2.5 h. The temperature
was lowered to 100° C. and the primary amine (1.0 mol
equiv.) added with stirring. The reaction was then allowed to
stir at 100° C. for several hours, and the phenol removed by
Kugelrohr distillation under reduced pressure. In the case of
those dernivatives that have an alkylamine incorporated in
their structure, the residue was partitioned between CHCI,
and 10% NaOH. The aqueous layer was repeatedly sepa-
rated with CHCI,. All of the CHCI, solutions (1nitial parti-
tion and extracts) were combined and dried (MgSQO,). Other
4-amino-6,7-methylenedioxyquinoline derivatives were
purified by column chromatography.

EXAMPLE 13.d

N-(6,7-Methylenedioxyquinolin-4-yl)ethanolamine was
prepared from ethanolamine (0.6 g, 10 mmol) from 1 53.9%
yield with a reaction time of 24 h: mp 233-234° C.; "H NMR
(DMSO-dy); 6 3.51 (dd, 2H, J=10.4, 6.), 3.69 (t, 2H 1=6.0),
6.27 (s, 2H), 6.72 (d, 1H, 1=7.0), 7.37 (s, 1), 8.12 (s, 1H),
8.29 (d, 1H, J=7.0); '°C NMR (DMSO-d,); 46.5, 59.5, 98.6,
08.8,100.3,103.8, 113.2, 137.6, 141.0, 148.2, 152.8, 155.0;
HRMS calcd for C, ,H, ,N,O;H: 232.0848; found 232.0881.
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EXAMPLE 14.d

2-[2-[N-(6,7-Methylenedioxyquinolin-4-yl)amino]
ethoxyethanol was prepared from 2-[2-(hydroxyethyl)
ethoxy lethylamine (0.76 g, 7.2 mmol) with a reaction time
of 18 h. The compound was converted directly to its
t-butyldimethylsilanyloxy derivative in Example 14.c.
above.

EXAMPLE 15.d

2-[[N-(6,7-Methylenedioxyquinolin-4-yl)Jamino ]-3-(N,
N-dimethylamino)propanol was prepared from
1 -(hydroxymethyl)-2-(N,N-dimethylethylenediamine (1.13
g, 9.6 mmol) with a reaction time of 48 h. The compound

was converted directly to 1ts t-butyldimethylsilanyloxy
derivative in EXAMPLE 15.c. above.

EXAMPLE 16.d

3-[[N-(6,7-Methylenedioxyquinolin-4-yl)Jamino |-1,2-
propandiol was prepared from 3-amino-1,2-propanediol
(1.32 g, 14.5 mmol) 1n 34% vyield with a reaction time of 24
h: mp 213-217° C. (dec.); "H NMR (CD,OD) 6§ 3.67 (m,
SH), 6.26 (s, 2H), 6.87 (d, 1H, 1=7.2), 7.19 (s, 1H), 7.71 (s,
1H), 8.21 (d, 1H, J=7.2); '°C NMR (CD,0D) & 45.7, 63.1,
69.4, 96.8, 974, 97.8, 103.0, 112.3, 136.1, 138.9, 148.2,
153.0, 155.0; HRMS calcd for Co;H,N,O,: 262.0954; found
262.0954.

EXAMPLE 17

8,9-Dimethoxy-2,3-methylenedioxy-5-[2-(N,N-
dimethylamino)ethyl]-5,6-dihydro-dibenzo|c,h]1,6-
naphthyridine (4a): To a solution of 8,9-dimethoxy-2,3-
methylenedioxy-5-[ 2-(N,N-dimethylamino)ethyl|-5H-
dibenzo| ¢,h]1,6-naphthyridin-6-one (160 mg, 0.38 mmol) in
THF (650 mL) was added Li1AlIH, (75 mg, 2.0 mmol), and
the mixture was stirred under nitrogen at retlux. After 2 h, an
additional 2.0mmol of LiAlIH, was again added. The reac-
tion was refluxed for an additional 3h, then allowed to cool
to room temperature. The reaction was quenched by the
sequential addition of water (5 drops), 10% NaOH (5 drops),
and water (5 drops). The mixture was filtered through Celite
and evaporated, and the crude mixture was chromato-
graphed on silica 1 98:2 chloroform-methanol, to give 132
mg of the reduced product, 1n 83% vyield; mp 271-273° C.
(dec.); '"HNMR (CDCL,) 6 2.24 (s, 6H), 2.58 (t, 2H, J=6.8),
3.12 (t, 2H, J=6.8), 3.97 (s, 3H), 4.02 (s, 3H), 4.27 (s, 2H),
6.13 (s, 2H), 6.79 (s, 1H), 7.38 (s, 2H), 7.61 (s, 1H), 9.05 (s,
1H); '°C NMR (CDCl,) & 46.0, 50.6, 51.2, 56.2, 26.3, 58 4,
99.6, 101.7,105.7, 106.6, 110.0, 120.7, 123.1, 124.8, 131.1,
144.1, 146.9, 148.0, 149.0, 149.4, 1498, 150.2; HRMS
calcd for C, H,N,O,: 407.1845; found 407.1848.

EXAMPLE 18

8,9-Dimethoxy-2,3-methylenedioxy-5-[2-(N,N-
dimethylamino)-1-methylethyl]-5,6-dihydro-dibenzo| ¢,h |1,
6-naphthyridine. The title compound was prepared as fol-
lows. 8,9-Dimethoxy-2,3-methylenedioxy-5-]2-(N,N-
dimethylamino)-1-methylethyl]-5SH-dibenzo|c,h]1,6-
naphthyridin-6-one (80 mg, 0.18 mmol; Example 7) in THF
(150 mL) was added to L1AIH, (50 mg, 1.3 mmol), and the
mixture was stirred under nitrogen at reflux for 4h. The
reaction was quenched by the sequential addition of water (5
drops), 10% NaOH (5 drops), and water (5 drops). The
mixture was filtered through Celite and evaporated, and the
crude mixture was chromatographed on silica mm 1.0%
methanol 1n chloroform to give 35 mg of the reduced
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product, in 45.4% yield; mp 153-154° C.; "H NMR (CDCl,)
0 1.16 (d, 3H, J=8), 2.38 (dd, 2H, J=12.2, 8.0), 3.68-3.80 (m,
1),3.88 (s, 3H), 4.24 (s, 2H), 6.16 (s, 2H), 6.64 (s, 1H), 7.24
(s, 1H), 7.40 (s, 2H), 7.62 (s, 1H), 8.88 (s, 1H); °C NMR
(CDCly) o: 17.7, 45.6, 46.0, 56.2, 56.4, 57.8, 64.2, 100.1,
101.7, 105.8, 106.4, 108.5, 120.5, 120.6, 123.6, 126.9,
143.4, 146.6, 147.7, 148.9, 149.5, 149.6, 150.0; HRMS
calcd for C,,H,-N,O H 422.2002; found 422.2081.

EXAMPLE 19

8,9-Dimethoxy-2,3-methylenedioxy-5-[ 2-(N,N-
diethylamino)ethyl]-5SH-dibenzo| c,h]1,6-naphthyridin-6-
one.

A mixture of N-(6,7-Methylenedioxyquinolin-4-y1)-N-| 2-
(N,N-diethylamino)ethyl |-2-10do-4,5-dimethoxybenzamide
(577 mg, 1.0 mmol), Pd(OAc), (45, 0.2 mmol), P(o-tolyl),
(122 mg, 0.4 mmol), and silver carbonate (350 mg, 2.0
mmol) was heated to retlux in DMF (30 mL) and stirred
under nitrogen for 30 minutes. The reaction mixture was
cooled to room temperature, diluted with chloroform and
filtered though a bed of Celite. The filter was washed well
with 90:10 chloroform-methanol. Then the solvent was
removed under reduced pressure and the resulting residue
was chromatographed on silica gel using 99:1 chloroform-
methanol to give the cyclized compound (250 mg) as a white
solid, 1n 56% vyield; mp 221-223° C. (dec.); IR (CHCI,)
3029, 3009, 2971, 2939, 2910, 1648, 1611, 1570, 1323,
1497, 14677, 1386, 1310, 1267, 1248, 1217, 1213, 1166,
1040; H NMR (CDCl,) ¢ 0.95 (t, 6H, 1=7.0), 2.80 (1, 4H,
1=7.0), 3.04 (t, 2H, 1=6.7), 4.06 (s, 3H), 4.13 (s, 3{),, 4.63
(t, 2H, J=6.7), 6.17 (s, 2H), 7.46 (s, 1H), 7.68 (s, 1H), 7.90
(s, 1H), 7.96 (s, 1H), 9.37 (s, 1H); "°C NMR (CDCl,) 8 12.0,
47.6, 49.6, 51.7, 56.3, 101.4, 102.0, 102.2, 107.0, 108.9,
111.8,115.0,119.5,127.7, 141.1, 143.5,147.3, 14°7.7, 149.9,
150.3, 154.2, 164.2; HRMS calcd for C,.H,,O.N,H:
450.2030; tound: 450.2032.

a. 4-]|2-(Diethylamino)ethyl]amino]-6,7-
methylenedioxyquinoline. 4-Chloro-6,7-
methylenedioxyquinoline. (1.0 g, 4.83 mmol) was stirred 1n
boiling phenol for 2.5 hours. Then the mixture was cooled
to 140° C. and N,N-diethylethylenediamine (1.16 g, 10.0
mmol) was added. The reaction mixture was stirred at this
temperature for 18 hours, and then phenol was removed on
the Kugelrohr. The crude residue was partitioned between
dilute HC1 (100 mL) and chloroform (100 mL), and the
organic phase was extracted with dilute HCI (100 mL). The

combined aqueous phases were washed with chloroform
(100 mL) and then basified with 30% NaOH, extracted into

chloroform (3x100 mL), dried (MgSQO,) and evaporated to
give 793 mg as a white solid, 1n 58% vyield; mp 201-202° C.;
IR (CHCly) 3364, 2967, 2936, 2907, 2875, 1620, 1546,
1466, 1295, 1222, 1218, 1210, 1152, 1041; lH NMR
(CDCly) 0 1.09 (t, 6H, J=7.2), 2.61 (q, 4H, J—7 2), 2.82 (1,
2H, J=5.8), 3.26 (m, 2H), 5.71 (br, 1H), 6.08 (d, 2H), 6.35
(d, 1H, J=5.2), 7.03 (s, 1H), 7.31 (s, 1H), 8.40 (d, 1H, J=5.2);
“C NMR (CDCl,) 8 12.2, 40.1, 46.7, 51.0, 96.1, 99.0,
101.5, 106.7, 114.5, 146.5, 146.7, 149.1, 149.6, 149.9;
HRMS calcd for C,H,,O,N,: 287.1634; found: 287.1631.

b. N-(6,7-Methylenedioxyquinolin-4-yl)-N-[2-(N,N-
diethylamino)ethyl]-2-10do-4,5-dimethoxybenzamide.
Oxalyl chloride (1.12 g, 8.8 mmol) was added to a solution
of 2-lodo-4,5-dimethoxybenzoic acid (820 mg, 2.6 mmol;
see above) 1n anhydrous methylene chloride (40 mL) and the
stirred mixture was refluxed for 4 hours. The mixture was
then concentrated to dryness under reduced pressure. The
acid chloride was dissolved in 40 mL of methylene chloride
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and added to a solution of 4-[[2-(Diethylamino)ethyl]}
amino |-6,7-methylenedioxyquinoline (640 mg, 2.2 mmol),
and triethylamine (2.2 g, 22 mmol) 1n methylene chloride
(50 mL) and the resulting mixture was stirred at reflux under
nitrogen for 2 hours. The reaction mix was cooled and
washed with a saturated solution of sodium bicarbonate
(3x75 mL), and extracted into dilute HCI1 (4x100 mL). The

aqueous extract was then neutralized with 30% NaOH and
extracted with CHCI, (4x100 mL), washed with brine (100
mL), dned (MgSO,) and evaporated, vielding 1.1 g as a
sticky semisolid glue, in 86% vyield; 'H NMR (CDCl,) &
0.96 (t, 6H, 1=7.2), 2.54 (q, 4H, 1=7.2), 2.82 (m, 2H), 3.29
(s, 3H), 3.71 (s 3H), 3.92 (m, 1H), 4.46 (m, 1H), 6.12 (s,
2H) 6.37 (s, 1H), 7.00 (s, 1H), 7.27 (d, 1H, J=4.8), 7.33 (s,
1H), 7.39 (s, 1H), 8.52 (d, 1H, J=4.8); "°C NMR (CDCl,) §
11.8, 47.1, 47.5, 50.7, 53.5, 56.1, 82.7, 98.5, 102.2, 106.7,
110.6, 1201 121.8, 122.7, 133.77, 146.3, 148.1, 148.3,
148.5, 149. O 149.7, 151.0, 170.0; HRMS calcd for
C25H280 N,IH: 578.11353; found 578 1153.

The mtermediate 4-Chloro-6,7-methylenedioxyquinoline
was prepared as described above.

The intermediate 2-Iodo-4,5-dimethoxybenzoic acid was
prepared as follows.

c. 2-lodo-4,5-dimethoxybenzoic acid. A mixture of
2-amino-4,5-dimethoxybenzoic acid (10.0 g, 50mmol) 1n
water (100 mL) and concentrated H,SO, (14 mL) was
cooled to 5° C. and a solution of NaNO, (3.5 g) 1in water
(12.5 mL) was added 1n a dropwise fashion while maintain-
ing the temperature between 0-5° C. Following the addition
the mixture was stirred at this temperature for an additional
30 minutes. Then a solution of KI (13.0 g, 78.3 mmol) 1n
water (20.5 mL) and concentrated H,SO, (4.4 mL) was
rapidly added and the flask was transferred to an o1l bath that
had been preheated to 105° C. The mixture was stirred for
30 minutes following the onset of reflux. The flask was then
cooled and extracted into chloroform (3x300 mL), washed
with water (3x200 mL), dilute HC1 (200 mL), and brine (200
ml.), then the solvent was dried (Na,SO,) and evaporated,
and the residue was chromatographed 1n chloroform to give
13.1 g as a white solid, 1n 84% vyield; mp 162.0-163.5° C.
(lit. mp 159-160° C.); '"HNMR (CDCl,) 8 3.93 (s, 3H), 3.95
(s, 3H), 7.46 (s, 1H), 7.65 (s, 1H); "°C NMR (CDCl,) 4 56.1,
56.4, 85.8, 114.8, 124.3, 124.5, 148.8, 152.7, 170.5.

EXAMPLE

22

Using procedures similar to those described above, the
compound 2,3-dimethoxy-8,9-methylenedioxy-11-]2-(4-
methylpiperazin-1-yl)ethyl]-11H-5,6,11-triazachrysen-12-
one was also prepared.

EXAMPL.

(Ll

21

Using procedures similar to those described above, the
following compounds of the mvention were also prepared:
8,9-dimethoxy-2,3-methylenedioxy-5-(2-piperidinoethyl)-
SH-dibenzo| c,h]1,6-naphthyridin-6-one; 8,9-dimethoxy-2,
3-methylenedioxy-5- 2-(4-benzylpiperazin-1-yl)ethyl]-5H-
dibenzo| ¢,h]1,6-naphthyridin-6-one; 8,9-dimethoxy-2,3-
methylenedioxy-5-formylmethyl-SH-dibenzo| ¢,h]1,6-
naphthyridin-6-one; and 8,9-dimethoxy-2,3-
methylenedioxy-5-] 2-(N-methylamino )ethyl |-5H-dibenzo
[c,h]1,6-naphthyridin-6-one.

EXAMPLE

22

The following illustrate representative pharmaceutical
dosage forms, containing a compound of formula I
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(‘Compound X’), for therapeutic or prophylactic use 1n

humans.
(vil) Aerosol mg/can

(1) Tablet 1 mg/tablet 5 ‘Compound X’ 20.0
; , Oleic acid 10.0
LEEEESUHd A 1222 Trichloromonofluoromethane 5,000.0
Dovidone 1 5' 0 Dichlorodifluoromethane 10,000.0

. ' Dichlorotetrafluoroethane 5,000.0
Croscarmellose sodium 12.0
Microcrystalline cellulose 92.5 10
Magnesium stearate 3.0 The above formulations may be obtained by conventional

procedures well known 1n the pharmaceutical art.

All publications, patents, and patent documents are incor-
porated by reference herein, as though individually incor-
porated by reference. The invention has been described with
reference to various specific and preferred embodiments and
(i) Tablet 2 mg/tablet techniques. However, it should be understood that many
variations and modifications may be made while remaining

300.0

15

‘Compound X’ 20.0 PR - - :
Microcrystalline cellulose 410.0 within th.e SplI“l’[ Ellld SCOPE of the mvention.
Starch 50.0 What 1s claimed 1s:
Sadium starch glycolate 15.0 20 1. A compound of formula I:
Magnesium stearate 5.0
I
500.0 O
25 >
O
(111) Capsule mg/capsule
‘Compound X’ 10.0
Colloidal silicon dioxide 1.5 30
Lactose 465.5
Pregelatinized starch 120.0 herein:
Magnesium stearate 3.0 WIHCTCL. _
A and B are independently N or CH;
600.0 y W is N or CH:
R; and R, are each independently H, (C,—C,)alkyl, or
substituted (C,—Cj)alkyl, or R, and R, together are
—(), =S, =NH or =N—R,,;
— Y and Z are independently hydroxy, (C,—C,)alkoxy, sub-
(tv) Injection 1 (1 mg/ml) mg/m 40 stituted (C,—Cy)alkoxy, (C,—Cylalkanoyloxy, substi-
‘Compound X’ (free acid form) 1.0 tuted (C,—C4) alkanoyloxy, O—P(=0)(0H),, or
Dibasic sodium phosphate 12.0 O—C(=0O)NR R orY and Z together with the ring
Monobasic sodium phosphate 0.7 carbon atoms to which they are attached form an
Sodium chloride 4.5 alkylenedioxy ring with from 5 to 7 ring atoms;
1.0 N Sodium hydroxide solution q.s. _ Y y & ‘ _ & ?
(pH adjustment to 7.0-7.5) 45 Ry 18 a —(C,—Cylallkyl substituted with one or more
Water for injection g.s. ad 1 mL Solubilizing groups RZ;
R, 1s (C,—Cj)alkyl or substituted (C,—Cj)alkyl; and
R_. and R, are each independently (C,—C,) alkyl or
substituted (C,—C,) alkyl; or R_. and R, together with
50 the nitrogen to which they are attached form a N'—{
(v) Injection 2 (10 mg/ml) mg/ml (C,—Cy)alkyl}piperazino, pyrrolidino, or piperidino
‘Compotnd X* (free acid form) 100 ring, which ring can optionally be substituted with one
Monobasic sodium phosphate 0.3 or more aryl, heteroaryl, or heterocycle;
Dibasic sodium phosphate .1 or a pharmaceutically acceptable salt thereof.
Polyethylene glycol 400 200.0 ~ 1 f - - -
01 N Sod . . 55 2. The compound of claim 1 wherein A 1s N.
odium hydroxide solution q.s. J o _ _ _
(pH adjustment to 7.0-7.5) 3. The compound of claim 1 wherein A 1s CH.
Water for injection q.s. ad 1 mL 4. The COIIlpOllIl(f, of claim 1 wherein B 1s N.
5. The compound of claim 1 wherein B 1s CH.
6. The compound of claim 1 wherein Y 1s OH

60 7. The compound of claim 1 wherein Y 1s (C,—C, )alkoxy.
8. The compound of claim 1 wherein Y 1s —OCH,.
(vi) Injection 3 (1 mg/ml) mg/ml 9. The compound of claim 1 wherem Y 1s substituted

(C,—Cy)alkoxy.

‘C d X’ (free base { 1.0 : : :
cﬁﬁpﬁd (free base form) 019 10. The compound of claim 1 wherein Y 1s

11. The compound of claim 1 wherein Y 1s
—OCH,CH,OCH,CH,.
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12. The compound of claim 1 wherein Y 1s —O—CH,—
CHOH—CH,—OH.

13. The compound of claim 1 wherein Y 1s

O—CH,CH,—NR R, wherein R and R, are hydrogen
or (C,—Cyalkyl.

14. The compound of claim 1 wherein Y 1s

O—CH,CH,—NR_R, wherein R and R, together with
the nitrogen to which they are attached form a piperazino,
pyrrolidino, piperidino, morpholino, or thiomorpholino ring.

15. The compound of claim 1 wherein Y 1s —O—C(=0)
CH,—NR_R,.

16. The compound of claim 1 wheremn Y 1s
(=0)—CHOH—CH,—OH.

17. The compound of claim 1 wherein Y 1s (C,—C,)alkyl
substituted with one or more tetrahydrofuranyl,
tetrahydropyranyl, or 1,4-dioxanyl rings.

18. The compound of any of claiam 1 wheremn Y 1s

O—C(=0)CH,—NR R,.

19. The compound of claim 1 wherein 7 1s OH.

20. The compound of claim 1 wherein 7Z 1s (C,—C,)
alkoxy.

21. The compound of claim 1 wherein 7 1s OCH,.

22. The compound of claim 1 wherein Z 1s substituted
(C,—Cy)alkoxy.

23. The compound of claim 1 wherein 7 1s
—OCH,CH,OH.

24. The compound of claim 1 wherein Z 1s
—OCH,CH,OCH,CHs;.

25. The compound of claim 1 wherein 7 1s —O—CH,—
CHOH—CH,—OH.

26. The compound of claim 1 wherein 7 1s

O—CH,CH,—NR_R, wherein R_ and R, are hydrogen
or (C,—Cyalkyl.

27. The compound of claim 1 wherein 7 1s

O—CH,CH,—NR_R, wherein R and R, together with
the nitrogen to which they are attached form a piperazino,
pyrrolidino, piperidino, morpholino, or thiomorpholino ring.

28. The compound of claim 1 wherein Z 1s —O—C
(=0)—CHOH—CH,—OH.

29. The compound of claim 1 wherein Z 1s (C,—Cj)alkyl
substituted with one or more tetrahydrofuranyl,
tetrahydropyranyl, or 1,4-dioxanyl rings.

30. The compound of claim 1 wherein Z 1s
CH,—NR_R,.

31. The compound of claim 1 wheremn R, 1s a (C,—C,)
alkyl substituted with one or more hydroxy groups.

32. The compound of claim 1 wheremn R, 1s a (C,—C;)
alkyl substituted with one to two hydroxy groups.

33. The compound of claim 1 wherein R, 1s substituted
with one hydroxy group.

34. The compound of claim 1 wheremn R, 1s a (C,—C;)
alkyl substituted with one or more mercapto groups.

35. The compound of claim 1 wheremn R, 1s a (C,—C;)
alkyl substituted one to two mercapto groups.

36. The compound of claim 1 wherein R, 1s substituted
with one mercapto group.

37. The compound of claim 1 wherein R, 1s a (C,—C)
alkyl- substituted with one or more carboxy groups.

38. The compound of claim 1 wherein R, 1s a (C,—C)
alkyl substituted with one to two carboxy groups.

39. The compound of claim 1 wherein R, 1s substituted
with one carboxy group.

40. The compound of claim 1 wherein R1 1s a (C,—Cy)
akyl substituted with one or more NR_R, groups.

41. The compound of claim 1 wherein R, 1s substituted
with one NR_R, group.

42. The compound of claim 1 wheremn R, 1s a (C,—C;)
alkyl substituted with one or more NH, groups.
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43. The compound of claim 1 wherein R, 1s a (C,—Cj)
alkyl substituted with one to two NH, groups.

44. 'The compound of claim 1 wherein R, 1s substituted
with one NH, group.

45. The compound of claim 1 wherein R, 1s substituted
with one or more hydroxy, mercapto, carboxy, amino,
piperazinyl, pyrrolidinyl, piperidinyl, morpholinyl,
thiomorpholinyl, tetrahydrofuranyl, tetrahydropyranyl, or
1,4-dioxanyl groups.

46. The compound of claim 1 wherein R, has from 2 to
4 carbon atoms and 1s substituted with one to two R_ groups
selected from hydroxy, mercapto, carboxy, amino,
piperazinyl, pyrrolidinyl, piperidinyl, morpholinyl,
thiomorpholinyl, tetrahydrofuranyl, tetrahydropyranyl, or
1,4-dioxanyl.

47. The compound of claim 1 wherein R, 1s
hydroxymethyl, or a phosphoric acid ester or alkyl ester of
hydroxymethyl.

48. The compound of claim 1 wherein R, 1s
2-hydroxyethyl.

49. The compound of claim 1 wherein R, 1s
3-hydroxypropyl.

50. The compound of claim 1 wherein R, 1s
2-hydroxypropyl.

51. The compound of claim 1 wherein R, and R, are each
H.

52. The compound of claim 1 wherein R; 1s H and R, 1s
substituted (C,—Cy)alkyl.

53. The compound of claim 1 wherein R; 1s H and R, 1s
substituted (C,—Cy)alkyl.

54. The compound of claim 1 wherein R, 1s (C,—Cj)alkyl
and R, 1s substituted (C,—C)alkyl.

55. The compound of claim 1 wherein R, and R, are each
substituted (C,—Cy)alkyl.

56. The compound of claim 1 wherein R, and R, together
are =—0.

57. The compound of a claam 1 wherein R, and R,
together are =S.

58. The compound of claim 1 wherein R, and R, together
are =—=NH.

59. The compound of claim 1 wherein R, and R, together
are =N—R, where R, 1s (C,—C)alkyl.

60. The compound of claim 1 wherein R, and R, together
are =N—R, where R, 1s substituted (C,—C,)alkyl.

61. The compound of claim 1 wherein W 1s NH.

62. The compound of claim 1 wherein W 1s CH.

63. The compound 11,12-dihydro-2,3-dimethoxy-8,9-
methylenedioxy-11-{2-(dimethylamino)ethyl}-5,6,11-
triazachrysen-12-one, or a pharmaceutically acceptable salt
thereof.

64. The compound of claim 1 of the formula II:

11

or a pharmaceutically acceptable salt thereof.



Us 7,049,315 B2

43

65. The compound of claim 1 of the formula III:

or a pharmaceutically acceptable salt thereof.
66. The compound of claim 1 of the formula IV:

CH;0

or a pharmaceutically acceptable salt thereof.
67. The compound of claim 1 of the formula V:

or a pharmaceutically acceptable salt thereof.
68. The compound of claim 1 of the formula VI:

N
oy,

or a pharmaceutically acceptable salt thereof.

69. The compound of claim 1 of the formula VII:

or a pharmaceutically acceptable salt thereof.
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70. The compound of claim 1 of the formula VIII:

VIII

or a pharmaceutically acceptable salt thereof.

71. The compound of claim 1 of the formula IX:

or a pharmaceutically acceptable salt thereof.

72. The compound 8,9-Dimethoxy-2,3-methylenedioxy-
5-]2-(N,N-dimethylamino)ethyl |-5H-dibenzo|c,h]1,6-
naphthyridin-6-one; 8,9-Dimethoxy-2,3-methylenedioxy-5-
| 2-(N,N-diethylamino)ethyl |-5H-dibenzo|c,h]1,6-
naphthyridin-6-one; 8,9-Dimethoxy-2,3-methylenedioxy-5-
| 2-(N-methylamino)ethyl|-5H-dibenzo[c,h]1,6-
naphthyridin-6-one; or a pharmaceutically acceptable salt
thereof.

73. A pharmaceutical composition comprising a com-
pound as described i claiam 1 1 combination with a
pharmaceutically acceptable diluent or carrier.

74. A method of inhibiting cancer cell growth, comprising,
administering to a mammal afllicted with cancer, an amount
of a compound as described in claim 1, effective to 1hibat
the growth of said cancer cells.

75. A method comprising inhibiting cancer cell growth by
contacting said cancer cell 1n vitro or 1n vivo with an amount
of a compound as described in claim 1, effective to 1hibat
the growth of said cancer cell.

76. A method of producing an antibacterial effect 1n a

mammal 1n need of such treatment comprising administering
to the mammal, an amount of a compound as described in

.

claim 1, effective to provide an antibacterial effect.

77. A method of producing an antifungal effect in a
mammal 1n need of such treatment comprising administering
to the mammal, an amount of a compound as described 1n
claim 1, effective to provide an antifungal eflect.
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It is certified that error appears in the above-identified patent and that said Letters Patent Is
hereby corrected as shown below:

In column 40, line 45, in Claim 1, delete “allkyl” and 1nsert -- alkyl --, therefor.
In column 41, line 16, in Claim 18, delete “any of™.
In column 41, line 44, in Claim 31, delete “C1)” and 1nsert -- C6) --, therefor.

In column 41, line 63, in Claim 40, delete “akyl” and insert -- alkyl --, theretor.
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